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High-Voltage Power Transmission.° 


BY CHAS. 


EVERAL years ago an investigation of the conditions 
and requirements incident to the use of high voltage 
was undertaken by the engineering department of 
the Westinghouse company. In this experimental 

investigation the size of the apparatus and the conditions of 
the test were, as far as practicable, such as would prevail in 
actual work. 

The transformer, the sine qua non of high-voltage working, 
received first consideration. A design suitable for large sizes 
was worked out and tested; then high-voltage windings were 
made. Attention was next directed to the line insulator. 

New phenomena were liable to be presented at higher 
voltages, and it was necessary to determine what they were, 
also how to meet the requirements which they impose. New 
forms and sizes of insulators were designed, made and tested 
to determine the losses which would occur and the limit at 
which they would break down. 

The luminosity and the hissing sound emitted by the con- 
necting wires of high voltage, suggested a loss which might be 
an appreciable addition to that over the surface of the insula- 
tors. It was found that a very considerable loss of energy took 
place between the wires—a loss which at high voltages was 
much in excess of that across the surafce of the insulators. 

Mr. L. L. Nunn visited Pittsburg at this time and became 
much interested in this work. He was a pioneer in power 
transmission, having put in the first large alternating current 
transmisrion plant in this country, namely, that at Telluride, 
Colorado, which was designed by the writer and described by 
him; at the General Meeting of this Institute in 1892. It was 
proposed that this work be taken up conjointly by the West- 
inghouse company and Mr. Nunn, and prosecuted on a much 
enlarged scale, by operating the original motor over a high- 
voltage line. Raising and lowering transformers were made 
and sent to Telluride, and power for the 100 H. P. synchronous 
imotor was transmitted at voltages far exceeding any which 
had been previously used anywhere. Exceptional facilities 
were afforded for observing the practical operation of high- 
tension working under severe climatic conditions, and for 
making measurements. The results of the work were so 
assuring that the Telluride Power Transmission Company has 
lately installed a plant which is in commercial operation at 
40,000 volts and is now making an increase in the plant. This 
work has been continued on experimental circuits at East 
Pittsburg, and some measurements have been made at Niagara. 

The work which has just been briefly described was an in- 
vestigation into an unknown field. It has been progressively 
and systematically carried out and it has determined results 
which were unforeseen, and which are of both theoretical 
interest and practical importance. 

This present paper describes the more interesting and im- 
portant parts of this work and gives the methods by which 

* Abstract of a paper presented at the Fifteenth General Meeting of the 
American Institute of Electrical Engineers, Omaha, June 30, 1898. 

t Transactions, American Institute of Electrical Engineers, Vol. IX, page 425. 
tSee THE JOURNAL OF ELECTRICITY, Volume V, page 169. 
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measurements have been made and the results which have 
been reached. A number of points of interest and imporatnce 
are given with regard to long-distance transmission plants 
now in operation. 

HIGH-TENSION TRANSFORMERS. 

In 1891 the Westinghouse company furnished transformers 
for the 10,000-volt transmission to San Bernardino and 
Pomona. Twenty transformers were used in a set, each giving 
a pressure of 500 volts and the twenty in series 10,000 volts. 
This arrangement made the insulation within the individual 
coils a matter of comparative ease. The insulation between 
the coils of the high-tension circuit and other parts of the 
transformer was secured by allowing a space, which was filled 
with oil. 

The first arrangement of transformers for giving from 30,000 
to 50,000 volts was made by using a number of transformers, 
each giving 10,000 or 15,000 volts. The low-tension circuits of 
the several transformers received current from an insulating 
transformer in which there were a number of separate coils, 
each one supplying a separate raising transformer. An ar- 
rangement of this kind was used for obtaining the high volt- 
ages in the exhibit of the Westinghouse company at the 
World’s Fair. A large transformer was designed in January, 
1894. The output of 200 K. W. was many times greater than 
that of any transformers which had been made by the Westing- 
house company. The transformer was oil-insulated and was 
cooled by water flowing through a pipe immersed in the oil. 
This transformer was pronounced a success, and the type was 
adopted and has been followed ever since as a standard, except 
that the water-cooling is employed only on the largest sizes. 

The transformer was then rewound for 40,000 volts, and a 
somewhat reduced output. It was operated at this voltage for 
a short time, when it was found that, through an oversight, 
the insulation between layers was insufficient. In October the 
high-tension coils were rewound for 60,000 volts and the trans- 
former is still in use, after many months of varied service and 
a considerable period of inactivity. 

The making of a single large transformer for a very high 
voltage naturally involved new difficulties. Above 10,000 or 
20,000 volts there was an unexplored and uncertain field in the 
matter of insulation. Materials which were commonly used at 
ordinary voltages might have very different characteristics 
under the new conditions. Tests were made on materials be- 
fore the first high voltage transformers were made, and it has 
been continued. The large high-tension transformer as made 
to-day was not designed in a week or a month, but it has been 
an evolution based upon experimental tests and experience in 
continued operation. 

HIGH-TENSION INSULATORS. 

After a high-voltage transformer was constructed, the in- 
sulator naturally presented itself as a fundamental factor in 
transmission. The requisites of an insulator for high-voltage 
work are, that it shall have a dielectric strength sufficient to 
prevent the current passing directly through the material, that 
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its dimensions shall be iarge enough to prevent the passage of 
current over the outside of the insulator to its support, and 
that the resistance, both of the material and its surface, shall 
be sufficiently high to prevent undue loss of energy. In addi- 
tion to these fundamental electrical requirements are those of 
a mechanical nature involving strength and convenience. 
These properties must of course be permanent, and not liable 
to deterioration while in service. 

Up to this time very little attention had been given to the 
manufacture and design of high-tension insulators. There 
were available for our laboratory tests the glass insulators 
which we had designed for the 10,000-volt transmission line at 
San Bernardino and Pomona, California. (See paper of Mr. 
G. H. Winslow* before the General Meeting of the Institute in 
1895.) 

A much larger glass insulator was made having the so-called 
“helmet” form, which was probably the beginning of a type 
which is now quite common. The large glass insulator pre- 
sented mechanical difficulties in manufacture, and recourse 
was had to porcelain. An insulator was designed to be under- 
hung, the top of the insulator being suported in an inverted 
cup which was to be bolted to the under side of the cross-arm. 
From the bottom of the insulator a pin extended which was 
anchored in a hole in the insulator and held the wire several 
inches below the porcelain. The object was to place the wire 
below the cross-arm so that the snow which might pile up on 


the cross-arm would not come near the insulator. The wire, 
moreover, instead of being supported upon the top of the in- 
sulator, where it is in connection with an extended wet surface, 
would be supported from the part of the insulator which is 
most protected and the dryest. 

An interesting .evolution then began to take place in the 
manufacture of porcelain. There were eight or ten steps in 
this history, in which insulators which were presumed 
by the manufacturer to be satisfactory were broken down 
on high-voltage test. Porcelain which presented a _ beau- 
tiful, smooth, glazed surface was often found to contain 
internal cracks or cavities which were soon traversed by the 
current. In other cases bits of pebbles or other impurities 
were found. In still other cases the porcelain was not homo- 
geneous and was not compact, or the material was porous and 
absorbed a drop of ink almost as readily as a lump of sugar 
would do. The effect of this work is seen in the improved 
quality of material now made by certain porcelan manu- 
facturers who benefited by this experience. It may also be re- 
marked that some of the unpleasant experiences with porcelain 
insulators might have been prevented if similar preliminary 
tests had been made instead of employing the more expensive 
and inconvenient method of testing them in commercial 
service. 

The under-hung form of porcelain insulator, however, did 
not prove successful nor satisfactory. The insulator was heavy 
and cumbersome, and no satisfactory method was devised for 
holding the wire. A wooden pin lacks strength, and a metal 
pin reduces insulation. Moreover, smaller insulators of the 
ordinary form were found suitable for higher pressures than 
was anticipated. 

Some measurements were made of the losses on the Pomona 
insulators. Twenty-four imsulators were mounted on wooden 
pins. A wire was run along the tops of the insulators and a 
second wire connected the pins. The increase produced in the 
reading of a wattmeter in the primary of the raising trans- 
former when the wires were connected to the high-voltage 
terminals was taken as the loss on the insulators. This loss 
at 25,000 volts was about two watts per insulator. This volt- 
age between pin and wire corresponds to 50,000 volts between 
transmission wires. 


LOSSES BETWEEN WIRES. 


The loss over the surface of insulators was quite small, in 
fact almost insignificant compared with the amount of power 
which would ordinarily be transmitted. The various displays 
of energy about high-tension wires led us to investigate and 
determine whether this loss was one of importance. In order 
to measure the loss between wires, eliminating what occurs on 
the insulators, it was desirable to have a considerable length 


* Transactions, American Institute of Electrical Engineers, Vol. XIT, 
page 405. 


-of wire, to suport it without insulators, and preferably to ar- 


range the wires in such a form as to give a considerable loss. 
Nine wires, each 60 feet long, were stretched 4 inches apart in 
a horizontal plane and were held in place by strings several 
feet in length at each end. The wires were No. 19 B and S 
gauge, 0.036 inches in diameter. They could be connected in 
various ways, and any pair or pairs of wires could be omitted 
as desired. 

The power supplied to the raising transformer was measured 
by a wattmeter placed in the primary low-tension circuit. 
When the load was placed on the transformer, the wattmeter 
reading increased, and the amount of increase was taken as 
the power delivered to the load. This method involves certain 
errors, which will be pointed out further on, but on the whole 
it gives an approximate and fairly correct indication of the 
power, and is sufficient to show clearly the general form of the 
loss curves and a number of interesting characteristics. 

The first measurements of this loss are recorded Feb. 26, 
1895. The ist, 3rd, 5th, 7th and 9th wires were connected in 
multiple to one terminal, and the other wires were connected 
to the second te: minal of the raising transformer; successively 
increasing voltages were applied. 


The wires began to give a hissing or crackling sound and in 
the dark began to appear luminous at a little below 20,000 
volts. As the voltage was increased the sound became more 
and more intense, the wires vibrated and became more and 
more luminous, until at the higher voitages they were sur- 
rounded by a coating of soft blue light many times the 
diameter of the wire. Often there were bright points along 
the wire, probably corresponding to bits of dust or rough places 
resembling points on the wire. The large room soon became 
strongly charged with ozone. 


Results of measurements on all wires, alternate wires being 
connected together to one terminal, and the intermediate wires 
to the other terminal of the raising transformer, are given in 
the accompanying Fig. 1. Three curves are given for a fre- 
quency of 60 periods per second, or 7,200 alternations per 
minute. Two of these curves give the wattmeter readings for 
‘the different voltages, one for the transformer alone, and the 
other for the transformer and high-tension wires; the third 
curve gives the difference between the two, and therefore rep- 
resents approximately the loss on the high-tension wires. 
Corresponding curves are given of tests made at a frequency 
of 133. The loss in the transformer is less at the higher fre- 
quency, but the loss on the high-tension wires is almost the 
same for both frequencies. These losses are very small below 
18,000 volts, but increase rapidly up to 30,000 volts, which is 
about the highest pressure used. 


As the two sets of tests were made with dynamos having dif- 
ferent characteristics, they may not accurately represent the 
relative effects of the frequencies. The differences due to 
causes other than the frequency are, however, probably small, 
so that these tests are correct in showing the general relation 
between the loss and the pressure, and in indicating that the 
loss depends little, if at all, upon the frequency. 

Tests were made with different numbers of wires. In one 
case the measurements were made with the arrangement de- 
scribed above, in which five wires were connected together and 
the four intermediate wires were connected to the second 
terminal of the raising transformer. Two wires at one end 
were then left off. Two of these were next omitted, leaving 
three connected to one terminal and two to the other. One of 
these was left off, leaving the Ist and 3rd wires connected to- 
gether, and the 2nd and 4th also. The ist and 9th wires were 
then connected together, also the 2nd and 8th. As the ist and 
2nd wire were well separated from the 8th and 9th, the mutual 
effect between them is negligible, so that the loss in this case 
may be considered as double that which would be obtained 
from the Ist and 2nd wires alone. The results of this measure- 
ment are plotted in Fig. 2. The points for both loss and cur- 
rent fall on a straight line and indicate that each additional 
wire causes a definite increase. 

Measurements made upon wires at greater distances show 
that the action is considerably less as the wires are separated. 
The loss is approximately the same at 28,000 volts when the 
wires are 4 inches apart that it is at 36,000 volts when they 
are 16 inches apart. The loss for a distance of 8 inches is 
intermediate. 

Other measurements were made, but nothing of further im- 
portance was developed. It is interesting to note that within a 
few days of the first measurements the general characteristics 
of this loss were determined, namely, that the loss between 
wires increases rapidly after a critical voltage is reached, that 
the loss is practically independent of the frequency, that it is 
much less as the distance between wires is increased. When 
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a loss of 1,200 watts was obtained on a total length of 540 feet 
of wire at only 30,000 volts, the important bearing of this 
phenomenon upon transmission became very evident. The 
tests were stopped as preparations were begun for the con- 
tinuation of the work at Telluride. 


TRANSFORMERS AT TELLURIDE. 


The original Telluride plants operated at 3,000 volts. Both 
the generator and the synchronous motor were wound for this 
pressure. Two transformers were furnished for the high- 
voltage tests, one for raising the generator voltage for trans- 
mission and the other for lowering the voltage for the motor. 
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FIGURE I. 


The windings were connected with a number of terminals by 
which the high-tension voltage could: be varied over a wide 
range up to 60,000 volts. 

Coils of similar shape were placed side by side in what is 
known as the “parallel’’ form of construction. Each coil had 
many layers of wire and but few turns per layer, thus securing 
a small difference of pressure between consecutive layers. The 
high-tension winding was divided into four similar coils, each 
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designed to give a maximum of 15,000 volts. The individual 
coils could be differently connected, either in series or in 
multiple. The low-tension coils were five in number and were 
provided with loops, by which the number of effective turns 
could be varied. Three low-tension coils were placed between 
two pairs of high-tension coils and the two remaining low- 
tension coils were placed on the two ends. Between the low- 
tension and high-tension coils metallic shields were placed, 
which were connected to the ground for protecting the low- 
tension circuit from danger in case of accidental contact with 
the high-tension circuit, and also for screening the low-tension 
circuit from electrostatic induction from the high-tension 
windings. The transformer was immersed in a case containing 
oil. The iron and the case of the transformer, as well as the 
shields between the coils, were connected to the ground. 

There was also an auxiliary transformer whose primary was 
connected across the generator terminals while its secondary 
was placed in series with the circuit to the raising transformer, 
thus either raising or lowering the generator E. M. F. as de- 
sired. The secondary had a number of steps so that the volt- 
age could be varied at will. 


THE TRANSMISSION LINE, 


The line extends from the power station near Ames, which is 
a few miles from Telluride, Colorado, to the Gold King mill. 
The line passes over an exceedingly rugged country and has a 
total length of nearly 2% miles (11,720 feet). There are 62 
poles, each carrying three cross-arms, the upper being about 26 
feet from the ground. Each cross-arm carries two wires sup- 
ported by insulators, which are designated as follows:—Large 
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FIGURE 2. 


glass, small glass, parcelain. (See Figs. 4 and 5.) The large 
glass insulator is the same as that used on the circut in the San 
Bernardino and Pomona plant. The total height is 5 inches 
and the maximum diameter 5% inches. The bottom of the 
insulator stands 1% inches above the cross-arm. The porce- 
lain insulator is 4 1-16 inches high and 5% inches in diame- 
ter. The bottom is 3 1-16 inches above the cross-arm. The 
small glass insulator is 3% inches in height, 4% inches in 
ter. The bottom is 3 1-16 inches above the cross-arm. The 
insulator is triple petticoat; the other two insulators are 
double petticoat. The circuits were strung with galvanized 
iron wire 0.165 inches in diameter, which is No. 8 B. W. G., 
and about No. 6 B and S gauge. Later the circuit on porcelain 
insulators was changed to No. 6 B & S copper wire 0.162 inches 
in diameter. The measured resistance of«one of the iron wire 
circuits was 66.25 ohms at —7 deg. C. 
THE LIGHTNING PROTECTION. 

The lightning protection was laid out by Mr. A. J. Wurts, 
who previous to this time had spent some months at Telluride, 
determining the requirements for protecting the 3000-volt cir- 
cuit. The protection consists of choke-coils and spark-gaps of 
non-arcing metal, as decribed by Mr. Wurts in his paper* be- 


* Transactions, American Institute of Electrical Engineers, Vol. IX 
page 102. 
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fore the Institute, March, 1892. In each line ten choke-coils 
were placed. Unit aresters, each consisting of seven non- 
arcing metal cylinders and having six spark-gaps, were con- 
nected as is shown in Fig. 3. 


RUNNING TESTS. 


The first tests were qualitative rather than quantitative. It 
was uncertain what phenomena might accompany the opera- 
tion of a long line at high voltage, and the pressure which 
could be used on the insulators was a matter to be determined. 
The first thing was to find what would work; measure- 
ments could be made afterwards. A high voltage was placed 
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FIGURE 3. 


on the transmission line, sometimes transmitting no power 
and at other times operating the 100 H. P. synchronous motor. 
In December, 1895, the motor was operated at 25,000 to 33,000 
volts for several days. In January, 1896, 45,000 volts was used 
continuously for over a week, and beginning with the latter 
part of March a continuous run of 37 days was made at 50,000 
volts. “Some very severe conditions of weather were en- 
countered during this time, very high gales of wind prevailed, 
the air was filled with clouds of dust, part of the time the snow 
which fell was quite damp, and during the last few days of the 
run there was some rain. At this voltage the wires were 
plainly visible at night and the characteristic hissing of high- 
tension currents could be heard several hundred feet. No 
lightning arresters had been installed up to this time, and the 
cause of the shut-down was damage to the raising transformer 
eaused by lightning. Lightning arresters were installed. The 
lightning season commenced about June ist. During the latter 
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part of June lightning discharges over the arresters were very 
frequent. At this time we were limited to a running voltage 
of about 34,000 volts, as there were not enough arresters to 
permit of increasing the voltage. No trouble whatever was 
had with the lightning protection. Discharges were frequently 
seen crossing the arresters, and during two or .uree days in 
the early part of the season discharges occurred at intervals 
of a few seconds for several hours. Enough arresters were 
afterwards obtained to run at 45,000 volts, but the lightning 
discharges were much less frequent.” 

Some measurements upon the line were made by determin- 
ing the power to the raising transformers when the lines were 
connected and when they were disconnected. These measure- 
ments showed that the loss due to the line is small, below 
45,000 volts, but increases rapidly when about 50,000 volts is 
exceeded, and reached 16.4 K. W. at 59,000 volts. The results 
up to 52,000 volts are given in curve 2, Fig. 9. Curve 1 in this 
figure is the loss on the same circuit measured a year later by 
a different observer using a different method. At the maxi- 
mum loss shown there is a difference of only 8 or 9 per cent. 
in E. M. F. for the same loss on the two curves. 

The record of the operation of this line at 50,000 volts for 
over a month is of very great interest, as it is a practical 
demonstration of the feasibility of operating a line at 50,000 
volts, a pressure four or five times as great as any which had 
been in general commercial use. Mr. V. G. Converse had been 
up to this time closely associated with this work. He had 
much to do with the design and construction of the high- 
tension transformers and insulators, tests upon losses in lines 
made at the Pittsburg laboratory and the tests at Telluride. 


MEASUREMENTS. 


The work at Telluride was then taken up by Mr. R. D. Mer- 
shon. The facilities for experimental work were increased and 
instruments were provided for carrying on the tests. Mr. 
Mershon found peculiar difficulties in making exact measure- 
ments of the power to the circuit. A wattmeter in the low- 
tension circuit of the raising transformer led to errors under 
the conditions which prevailed. Some very able and pains- 
taking work was displayed in detecting the error and over- 
coming it with the facilities at hand-—and the facilities were 
none too plenty in the heart of the Rocky Mountains for mak- 
ing measurements which would tax the resources of almost 
any laboratory. The apparatus used introduced a disturbing 
influence in the circuit, which, however, could be measured 
and eliminated. On the other hand, a wattmeter for measur- 
ing power on a high-tension circuit must accommodate a very 
high voltage and a very small current. As the charging cur- 
rent to an open line is usually very large in proportion to the 
loss current, the error of the instrument is very sensitive to 
slight variations of phase in the shunt current. A description 
of the instruments and the methods used are given in an ex- 
tract from the report of Mr. Mershon, which will be found at 





FIGURE 5.~—INSULATORS USED IN HIGH TENSION TESTS AT TELLURIDE. 


the end of this paper in Appendix A. The results of the meas- 
urements and the conclusions are given partly by extracts 
from Mr. Mershon’s report, and partly in abstract. 


RESULTS OF MEASUREMENTS. 


“The results of measurements taken are embodied in curves. 

“In every case the measurements were taken upon an open- 
circuited line—in no case upon a line which was transmitting 
power. The line losses obtained are, therefore, a combination 
of those occurring between the line wires and the very small 
/2 R loss in the wire itself due to the charging current of the 
line. 

“Measurements taken with the Weston wattmeter include 
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FIGURE 6, 


the loss in the high-tension coil of the power transformer due 
to the currents applied to the line. This loss is in general 
small, and in the following curves corrections have not been 
made for it. Curves taken with the Thomson wattmeter re- 
uire no such correction. 

“There is an additional correction which may be made in the 
case of those curves whose voltage were obtained from the 
raising transformer. This correction arises from the fact that 
the action of the capacity current taken by the lire, in connec- 
tion with the series reactance of the transformer supplying it is 
such as to make the voltage impressed upon the line somewhat 
greater than that obtained by the ratio of the transformer 
winding. The measurements taken to determine the amount 
of the error in voltage show it to be small. 

“There were two generators used. One was that regularly 
running and supplying power to the power circuits of the Tel- 
luride Power Transmission Company. It is a 600 K. W., 22- 
pole, quarter-phase machine, delivering 500 volts at a frequency 
of 60, or 7,200 alternations per minute. Its armature is of the 
slotted type and is wound with copper bars. In the notes this 
generator is designated as ‘Slotted Armature.’ 

“The other generator is one whose field is that of the 100 
K. W. toothed armature machine, originally sent out as a part 
of the first Gold King transmission plant. It has twelve poles, 
and as originally run operated at 3,000 volts and 10,000 alterna- 
tions. There are two armatures for this machine—a surface- 
wound armature, designated as ‘Smooth Armature,’ and a 
toothed armature, designated as “‘Toothed Armature.’ ”’ 


COMPARISON BETWEEN INSULATORS. 


A set of measurements was made for comparing the loss on 
the three circuits supplied respectively with large glass, small 
glass and poreelain insulators. The curves are very nearly 
identical and corespond very closely with the right hand curve 
in Fig. 6. “There was a heavy, wet snow on the ground and 
the cross-arms at the generating station, and more or less 
snow all along the line; that at the further end being drier 
than at the generating station. There was more or less snow 
falling during the measurements, and this accounts for a wide 
variation of the points taken at the high voltages, as falling 
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snow renders the wattmeter reading very unsteady, the un- 
steadiness being such as one might expect if from time to time 
there was a discharge between the wires. This unsteadiness 
does not seem to be as great in the case of falling rain as in the 
case of falling snow.” 


LOSS AND SEPARATION OF WIRES. 


A series of measurements was made to determine the connec- 
tion between the loss and the distance between wires. ‘As at 
that time it had not been fully demonstrated that the loss was 
not affected by weather conditions except there was precipita- 
tion, changes in distance between wires were made upon one 
circuit, while the distance between wires on another circuit 
was maintained always the same, and the latter was used as a 
reference circuit when a change in loss was obdinate.”’ 

The several curves have been plotted together, due correc- 
tion being made for the slight difference in the loss in the 
reference circuit, which probably resulted from slight differ- 
ences in the precipitation when the curves were taken. The 
distance between the wires in the several tests was 15, 22, 35 
and 52 inches, respectively. The results are shown in Fig 6. It 
will be noted that the loss is much greater when the wires are 
close together and that the curve begins to ascend at a lower 
voltage. 


COMPARISON OF WATTMETERS. 


The loss curves in Fig. 7 were taken on one of the circuits, 
first with the Weston wattmeter and then with the Thomson 
wattmeter. The Weston wattmeter was not in circuit when 
the measurements with the Thomson wattmeter were taken. 
As an additional check, the readings were taken on each of the 
wattmeters of the loss occurring in the shunt resistance; of 
the Thomson wattmeter the results were in practical agree- 
ment with each other and with those obtained by calculation. 
The discrepancy in the results obtained on the two instru- 
ments when measuring line loss will be referred to later. 


LOSS ON INSULATORS. 


A set of comparative readings was taken on one of the cir- 
cuits and on a dummy circuit, identical with the main circuit, 
as regards kind and number of insulators and the size of wire, 
but only 60 instead of 11,720 feet in length. The results show 
that the loss on the two circuits is practically identical up to 
about 50,000 volts, which is the part of the curve below the 
bend. The losses agree closely with those shown in Fig. 6. 
At higher voltages the loss on the dummy circuit increased 
slightly, indicating that the loss was of the same nature as that 
at a lower voltage. The agreement of the loss on the two lines 
at low voltage (i. c., below the bend in the loss curve) indicates 
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that this loss was over the insulators. The great increase in 
loss on the long line at high voltage indicates that the loss was 
due, not to the insulator, but to the line. 


RESISTANCE AND REACTANCE, 


Measurements were made with resistance between the gener- 
ator and the raising transformer, then with reactance and then 
with neither resistance nor reactance. The results are shown 
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in Fig. 8, and indicate a different condition, depending upon 
the character of the circuit supplying the current. It was pre- 
sumed that this difference arose from a modification of wave 
form of the E. M. F. applied to the line. 


WAVE FORM AND LOSS. 


Measurements were made upon the wave form and the corre- 
sponding losses when different generators were used and dif- 
ferent circuits were connected. In one test an armature giving 
nearly a sine wave was used which delivered current at 30 
cycles. Measurements were made upon one circuit only, and 
then upon two circuits in multiple. The current and the loss 
are both given in Fig. ». The wave form for no load and for 
both conditions of load are given in Fig. 10. The current 
taken by the two circuits in multiple is twice that to a single 
circuit. The variation from a straight line in one of the cur- 
rents curves is due to a change in wave form as the voltage is 
increased.. The loss for the two circuits in multiple is about 
twice as great as for one circuit at low voltages, but it is less 
than that for one circuit at high voltages. Referring now to 
the wave form taken at high voltage, it is seen that the wave 
form for the two circuits in multiple has a lower maximum 
than that for one circuit alone. The reduced loss on the two 
circuits is undoubtedly due to the different wave form when 
both circuits were connected. The distortion of the wave form 
is due to the reaction which the leading current produces in 
the generator and transforming apparatus. 

Wave forms were also taken on the slotted armature giving 
60 cycles. The wave forms are given in Fig. 11. The condi- 
tions are similar to those just described, in that a single cir- 
cuit produces a wave having a much higher maximum than 
that produced when two circuits are run in multiple. The 
losses (which are not shown) bear the same general relation 
as that in the last case, namely, the loss with two circuits is 
greater at low voltage and at the high voltage is less than that 
on a single circuit. 

A wave form was taken upon the toothed armature both at 
no load and when supplying current to one of the circuits. 
These are shown on Fig. 12. This wave differs radically from 
a sine wave at no load and is greatly distorted when supplying 
a leading current. In the no-load wave the value of the funda- 
mental is 72.5 per cent.; the third harmonic, 21.6 per cent.; the 
fifth harmonic, 4.8 per cent. The corresponding loss is given 
in Curve 1, Fig. 9. The distorted wave makes the Thomson 
wattmeter read too high, especially at the lower E. M. F’S. 


THE JOURNAL OF ELECTRICITY. 


OTHER OBSERVATIONS AND TESTS. 


“A series of observations were taken, extending over a period 
of thirty-three days, to determine whether there was any con- 
nection between the loss occurring on the lines and the varia- 
tions in weather conditions. Three readings were taken each 
day. They were, in addition to the wattmeter readings, read- 
ings for barometric pressure, temperature, humidity, wind di- 
rection and wind velocity. The weather observations were 
taken simultaneously at Ames and the King, using sets of 
weather instruments furnished by the United States Weather 
Bureau, and if there was any variation in the loss on the lines 
for the observed range of weather conditions, it was so small 
as to be inappreciable. The results of ali measurements taken 
during this work seem to confirm the fact that the only 
weather conditions whatsoever which affect the loss to any 
practical extent is that of precipitation. The loss seems to 
bear some relation to the size of the particles precipitated, be- 
ing greater for a fall of snow in which the flakes are large than 
one in which the flakes are small. 

“In the power transformers used, the series reactance was 
comparatively small because of the subdivision of the coils. 
A change in the condition on the line as regards loss occurred 
when the Weston wattmeter was placed in circuit. This was 
detected by measurement upon the Thomson wattmeter, both 
when the Weston wattmeter was in circuit and when it was 
not. Moreover, the lines hissed when the voltage is 55,500 and 
the Weston wattmeter is out of circuit, but when the Weston 
wattmeter is thrown into circuit the hissing ceases, although 
the voltage rises to 57,700. The hissing sound is a characteris- 
tic of high-voltage lines and begins at the bend in the loss 
curves. It always accompanies luminosity of the lines. 

“Along with this change there was another phenomenon not 
previously mentioned. This was a discharge which took place 
from time to time between the terminals of individual choke- 
coils. The discharge would occur sometimes between the ter- 
minals of one choke-coil and sometimes simultaneously on two 
or three of the choke-coils. These discharges made consider- 
able noise, sounding very much like a pistol shot, and could 
be heard at a considerable distance from the transformer 
house. As the choke-coil terminals are distant from each 
other about 8% inches, it is not thought that this discharge 
took place through the air, but over the surface of the wood 
enclosing the choke-coil. This discharge, however, left no 
mark on the surface. Simultaneous with these choke-coil dis- 
charges one could hear, if standing under the line some little 
distance from the transformer house, a slight snap, which 
seemed to be a phenomenon rather of the whole line than of 
any particular spot in it. Sometimes there was a correspond- 
ing snap over the lightning arresters. As the lightning ar- 
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resters make more or less noise at all voltages, this snap over 
them may have been present at all times, but in some cases 
not sufficiently well marked to be heard above the continued 
hissing of the lightning arresters. 

“After the preceding results had been obtained, the two 
power transformers were connected up with t'neir high-tension 
windings in series, the point of connection between them being 
grounded, and with their low-tension windings in multiple. 
With this arrangement voltage was impressed on one of the 
circuits, power being supplied by the smooth armature at 7,200 
alternations. The voltage was run by means of the machine 
field to 90,000. 

“As the power taken by the lines at this voltage overloaded 
the motor used to drive the generator, a span was cut out of 
the circuits at a little distance from the station, leaving about 
500 feet of wire in them. The voltage was run up to 133,000 
volts and held there for some minutes; but the current finally 
jumped from the outside terminal of each transformer to the 
iron, smashing the heavy glass tube with which these termi- 
nals were insulated.” 


The following is taken from Mr. Mershon’s discussion of the 
results of his tests: 

“There is evidently a certain critical voltage at which the 
loss occurring between wires begins to increase very rapidly; 
indeed, it seems as though there might be something of the 
nature of a polarization similar to that which occurs in the 
ease of an electrolyte; that there is something of this nature 
in the case of air or other gases subjected to an electrostatic 
stress is well known, and it has been taken as an explanation 
of the fact, that in the experimental determination of sparking 
distances in air, a certain minimum potential is necessary to 
establish an arc, no matter how small be the sparking dis- 
tance. Also, Varley has done some work on tubes containing 
gases. This work was done with a series of Daniell’s cells 
yielding 300 to 400 volts. The voltage was impressed upon 
electrodes sealed into the tubes. He established the following 
facts:—First, that each tube required a certain potential to 
leap across; second, that the passage for the current having 
been once established, a lower potential was sufficient to con- 
tinue the current; third, if the minimum potential which 
would maintain a current through the tube be P and the volt- 
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age varied to P plus 1, P plus 2, etc., to P plus NV, the current 
will vary in strength as 1, 2, 3, etc., N; P always meaning the 
lowest value at which the current will continue, and is less 
then that at which the current starts. 

“If such a condition of affairs obtains in this case, the loss 
curves of the preceding sheets must be made up in two parts, 
one the loss over the insulators and cross-arms, the other the 
loss occurring through the air. The first part of the loss curve 
up to or near the point where the abrupt bend begins, must 
be the loss over the insulators and cross-arms alone; beyond 
the point where such a bending occurs, the loss curve must 
be made up of a combination of the two losses referred to. 

“If the action which takes place in air is similar to that ob- 
tained by Varley, we might expect that both (1) the position of 
the critical bend on the loss curve and (2) the law which the 
loss follows above the bend, would be affected by the former of 
the E. M. F. wave impressed upon the line, for the former (1) 
must depend, not upon the mean square of the voltage im- 
pressed upon the line, but upon the mean square of that por- 
tion of the E. M. F. wave which is above a certain critical volt- 
age, and the latter (2) must depend upon the form of that por- 
tion of the E. M. F. wave above a certain critical voltage be- 
cause, as Varley shows, the minimum voltage at which this 
peculiar loss begins differs slightly from the minimum voltage 
at which it will continue after the action has been established. 
If it were not for the latter consideration it would be com- 
paratively easy to determine the equation for such loss at least 
in the case of a pure sine wave, and it might be that there is a 
sufficiently small difference between the voltage at which this 
loss will begin and the voltage at which it will discontinue for 
such an equation to hold practically. That the loss depends 
upon the maximum value, if not upon the form of the E. M. F. 
wave, is shown by several of the loss curves in connection with 
their corresponding wave forms. This is particularly notice- 
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able in one or two cases where the loss on two lines in multiple 
is less than that on one line, and although some of these com- 
parisons will have to be made between curves taken on the two 
different wattmeters and are, therefore, not strictly compar- 
able, they may be compared after such corrections as is men- 
tioned below in discussing the wattmeters. In any case, the 
curves are comparable, qualitatively, as regards the position of 
the critical point. 

“It might be objected that the results are rendered question- 
able by the curves in Fig. 7. The curves were taken under 
presumably similar conditions, except that one was obtained 
by means of the Thomson wattmeter and the other by means 
of the Weston wattmeter. This discrepancy is attributed to a 
charging current passing through the shunt resistance of the 
Thomson wattmeter. That the amount of capacity current 
necessary to produce the discrepancy is small, appears upon 
the following considerations:—In one case the loss obtained 
upon a circuit at 38,000 volts when using the Weston wattmeter 
is 90 watts, and under the same conditions, but using the 
Thomson wattmeter at 38,000 volts a reading of 9,500 watts; 
the loss obtained by the two wattmeters is, therefore, 125 
watts. The current is about 0.25 of an ampere. Now, 0.25 of 
an ampere, if in step with the E.. M. F., would give on the 
Thomson wattmeter at 38,000 volts a reading of 9500 watts; 
therefore the capacity current through the shunt resistance 
necessary to produce the discrepancy of 125 watts is 125 di- 
vided by 9,500, or about 1.3 per cent. of the current in the shunt 
resistance. The shunt resistance has a value of 1,202,300 ohms; 
at 38,000 volts the current through it would be about 0.032 
amperes; 1.3 per cent. of this, or 0.00416 amperes, is that re- 
quired to produce the discrepancy noted. In further support 
of this method of accounting for the discrepancy, the results 
obtained at different numbers of alternation using the Thom- 
son wattmeter show a variation for different numbers of 
alternations of the losses below the bend in the loss curve, and 
which are thought to occur over insulators and cross-arms. 
There should be no variation in such loss for a variation in 
frequency. 

“Any discrepancy occurring in the Thomson wattmeter by 
reason of a capacity current in its shunt resistance will be 
affected to a greater or less extent by change in the wave form. 

“It is believed that all the phenomena connected with this 
work may be studied in a tube which has been partly ex- 
hausted. The work could then be done with comparatively 
low voltage and using direct current, which would much sim- 
plify the measurements. The contents of the tube might be 
partially rarefied air or other gas, as the action would un- 
doubtedly be similar in all cases. With such a tube might be 
studied the law of variation in distance and form of electrodes, 
also in material and surface of the same. 


RESUME AND CONCLUSIONS. 


“It is undoubtedly true that the loss is made up of a loss over 
insulators and a loss between wires, and that the latter is the 
only loss worth considering. 

“The loss between wires is not affected by any atmospheric 
conditions except precipitation. This statement, of course, 
must be taken as applying to such a climate as that in which 
the measurements were taken. The lines were seldom in fogs 
or clouds, and when they were, or when rain was falling, the 
moisture was of the purest. Near cities the loss would be un- 


. doubtedly much greater than that shown in these curves, be- 


cause of the impurities both in solution in the moisture of the 
atmosphere and in supsension. 

“There will be for a given transmission a certain economical 
voltage, because while an increased voltage, with a given line 
wire, will reduce the loss in this wire by decreasing the trans- 
mission current, it will also increase the loss between the 
wires. 

“It is believed that attention to wave form is very important. 
The sine wave is undoubtedly the best as giving a stable form, 
and because of superior results with all kinds of apparatus. A 
flat wave would of course give less loss, but would not be 
stable, and as the nearest practicable approach to a sine wave 
will not be perfectly stable but will still contain some har- 
monics, it will be of advantage to keep the series reactance of 
the transformers and generators as low as possible. 

“It is believed that 40,000 volts is perfectly conservative and 
safe as regards loss between wires for any ordinarily good 
wave form, and in a climate such as that in which the 
measurements were taken, i. e., where the air and precipitated 
moisture are practically pure, 40,000 volts comes well below 
the bend in the loss curve even under the worst weather con- 
ditions. 

“T can see no advantage of porcelain over glass, unless it be 
that of superior mechanical strength. The latter is rather a 


doubtful advantage. The ball from a heavy calibre rifle or 
revolver such as are used in the western country will smash 
any insulator, whether glass or porcelain. Porcelain offers a 
more tempting mark, being white. As to hygroscopic prop- 
erties, no difference could be discovered so far as these meas 
urements were concerned. It will make little difference under 
running conditions whether the insulator be hygroscopic or 
not, as the small amount of power necessary to keep the sur- 
faces dry will be insignificant. I say under running conditions, 
because in starting up a ‘cold’ line there is danger of break- 
down if current is put on suddenly at full value, instead of be- 
ing raised gradually. As far as the resistance to piercing is 
concerned, glass is just as good practically at least as porcelain. 
It needs no electrical test to pick out a good glass insulator, 
which is one advantage of glass over porcelain. 

“To sum up, glass insulators are cheaper, lighter, more easily 
tested and less likely to be shot at than procelain; on the other 
hand, they have less mechanical strength. 

“In every case, in my experience, where a break-down has 
occurred, it has been on a cross-arm which was ‘wind shaken’ 
and ‘weather cracked,’ the current following the cracks. This 
leads to a curious result. The mark of the current will be on 
the surface of the arm for five ar six inches, then disappear 
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from the surface altogether for some inches, then reappear, 
etc. On cutting open the arm one sees how the current has 
followed the best path, dodging in and out. Rain and moist- 
ure probably settle towards the cracks, carrying salts from the 
body and surface of the wood. This forms a path of low re- 
sistance, especialy in wet weather. For this reason I have in 
the plant of the Colorado Electric Power Company taken par- 
ticular pains in treating both pins and cross-arms. The cross- 
arm treatment is such as fills all cracks and fissures as a sec- 
tion of the wood shows. 

“This report would be incomplete without an acknowledg- 
ment of the assistance rendered in the work by the engineering 
force of the Telluride Power Transmission Company. headed 
by Mr. P. N. Nunn. Especial credit should be given Mr. A. L. 
Woodhouse for his faithful work and constant perseverance 
in the face of great discouragement.” 


FURTHER HIGH-TENSION TESTS. 


Laboratory tests and measurements on a small scale cannot 
take the place of tests under the conditions of practical service, 








such as those at Telluride. There are, however, many import- 
ant elements which may be determined by laboratory measure- 
ments. 

A high-tension line for testing insulators and making meas- 
urements upon the losses between wires was erected at the 
East Pittsburg factory in the fall of 1897. A number of the 
tests which have been made are here recorded. 

(1) A test was made to determine whether the wave form of 
the charging current to the line was similar to that through a 
resistance, or whether it was modified by the loss component, 
the loss occurring only at the higher part of the E. M. F. wave. 
The current to the high-voltage line, at pressures varying from 
30,000 to 60,000 volts, was passed through a coil possessing 
high self-induction. The E. M. F. upon the coil was measured 
by a voltmeter. The E. M. F. was also measured when a cur- 
rent of equal strength was passed through the coil, the line be- 
ing short-circuited and a low E. M. F. applied. It was found 
that the voltage upon the coil was the same, within a small 
error of observation, in both cases, showing practically no dif- 
ference in the wave form of the current under the two condi- 
tions. The current was from an armature giving practically a 
sine wave. 

(2) The charging current to the line was measured under 
several different conditions when the current was obtained 
from a generator giving practically a sine wave. The results 
of measurements were compared with the currents as calcu- 
lated by the theoretical formula. The last measurement in the 
table was made upon the Niagara-Buffalo line, with current 
from a Niagara generator, which differs slightly from a sine 
wave. 


COMPARISON OF MEASURED AND CALCULATED CHARGING CUARENT TO PAR- 


ALLEL WIRES. LENGTH, ONE MILE— 10,000 VOLTs. 


Measured Calculated 


Size of Wire | Distance Between Wires Frequency Amperes | amperes 
| 


No. 8B. & 8. 21.7 inches 60 .0307 028 


8B, & 8. 48.0 inches 60 4 245 .0252 

8B. & 8. 79.5 inches 60 0234 .0238 

8B. & S. 127.5 inches | 0 0225 0222 

No. 8 and ground 120.0 inches 60 0427 .0412 
ss { 18in for %o distance ey ry ee 
0.71 in, diameter) ; 25 .0176 .0176 


(eo yew 


(3) The fall of potential around the wires was noted by tests 
made with spark-gaps. The wires 48 inches apart were con- 
nected to the high-voltage terminals and a spark-gap was placed 
between two idle wires, also 48 inches apart, placed about 21 
inches below the first wires. A spark-gap consisting of brass 
terminals with a ™%4-inch radius was placed between the two 
idle wires. When the gap was 1-32 inches the spark began 
when the E. M. F. from the raising transformer was 26,000 
volts. A gap of 1-32 inches requires an E. M. F. of 2,200 volts 
to produce sparking. When the spark-gap was made 8-32 
inches (equivalent to 12,000 volts) the sparking began at 103,- 
000 volts from the raising transformer. At intermediate points 
there is a fair proportionality between the spark-gap and 
the E. M. F. 

In another test a spark-gap was placed between one of the 
idle wires and the adjacent wire of the live circuit. When the 
spark-gap was %-inch (equivalent to 6,000 volts) the spark 
passed when the E. M. F. was 17,500 volts, and when the spark 
was made 44-inch (equivalent to 12,000 volts) the sparking 
began at 33,000 volts. When the gap was %-inch (equiva- 
lent to 16,000 volts) sparking began at 41,000 volts. When the 
gap was \%-inch (equivalent to 20,000 volts) sparking oc- 
curred at 49,000 volts. The E. M. F. did not differ greatly from 
a sine wave. These tests have an important bearing in con- 
nection with the running of telephone and other circuits ad- 
jacent to high-potential wires. It is essential that the wires of 
a high-potential circuit be spiralled so that each wire sustains 
the same relation as every other wire to the second circuit, in 
order that the effects of static induction may be neutralized. 

(4) The effect of the size of wire upon the loss was investi- 
gated by running a pair of No. 28 brass wires 126 mils in diam- 
eter, and then replacing it by large rubber-covered wires. The 
rubber-covered wire was No. 7 B & S gauge, 144 mils in diame- 
ter; the outside diameter of the rubber covering was 300 mils 
and the diameter over the braid was 350 mils. Measurements 
were made upon another circuit which was unchanged during 
the different tests, and thus served for comparison. The re- 
sults of these tests are shown in Fig. 13, which also gives the 
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conditions when one fine wire and one wire of larger size, No. 

8 B & S, constituted the circuit. This comparison shows the 

very marked increase in loss when the fine wire is used. The 

loss on the rubber-covered wire, however, increased consider- Ls 
ably after the voltage had been raised and the rubber had 

broken down, thus permitting the current to pass freely to the 

outer surface of the insulation. It is quite probable that the 

loss would increase as the insulation became defective, until 

it was nearly equal to that of a wire having the same total 

diameter. 

The measurements on wires of different sizes given in Fig. t 
13 are qualitatively correct, although some of the readings on 
which the curves are based were quite small, so that the ab- 
solute values may not be exact. 

(5) The effect of the current in drying the surface of the 
insulators was illustrated in a test made during a rain. Upon 
applying 45,000 volts to a circuit the wattmeter indicated 116. 
After four minutes the deflection had decreased to 72, the cur- 
rent remaining the same. The E. M. F. was then increased to 
60,000 volts, the wattmeter deflection increased to 155, and at 
the end of three minutes it had fallen to 138. The current was 
one-third greater than at the lower voltage, but remained con- 
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stant while the wattmeter changed. The rain continued dur- 
ing the test, which shows, therefore, that the condition of the 
insulator is materially improved by the presence of the current. 

(4) It was noticed that when there was a break-down upon Fi 
the line and the current passed suddenly between wires over ‘ 
the surface of the cross-arm that there was a sparking between ; 
the terminals of the ammeters in the high-tension circuit 
across the surface of the instrument. This was further inves- 
tigated by placing in circuit a coil of low resistance through 
which one ampere would be sent by about 1% volts at a fre- 
quency of 125. A spark-gap was placed in shunt to this coil. 
A 2-inch spark-gap was placed between the line wires. The 
voltage of the primary was gradually raised until at 35,000 


(Continued on page 126.) 
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EDITORIAL. 


Mr. Charles F. Scott’s paper on ‘‘ High 
Voltage Power Transmission,’’ read before 
the Omaha meeting of the American Insti- 
tute of Electrical Engineers, is of such 
potent value to the electrical transmission 
interests that it is reprinted, practically 
in full, in this issue. Being the effort of one of the high- 
est authorities on electric power transmission, as well as 
one who has had enequalled opportunities for the experi- 
mentation and study of high potential phenomena under 
working conditions, the paper may be accepted as a most 
authentic statement of the present condition of electric 
transmission work, particularly with reference to the use 
of high electromotive forces. We of the West look upon 
Mr. Scott’s paper with ro little measure of gratification, 
for it not only discusses Pacific Coast plants more freely 
than similar enterprises located elsewhere, but it confirms, 
in all material points, the essential details of transmission 
work that have been accepted here as settled practices. 

Interest centers, of course, in the remarkable series of 
high tension experiments which were carried on at Tel- 
luride in conjunction with Mr. L. L. Nunn of the Telluride 
Electric Power Company, wherein pressures running up 
to 110,000 volts were tried upon the experimental line, 
although the paper does not state the fact of the trial of 
the electromotive force just named. The inference from 
the paper is that individual transformers may be relied 
upon to deliver 60,000 volts with satisfaction even under 
varied service and considerable periods of inactivity. To 
quote the author: ‘‘The making of a single large trans- 
former for a very high voltage naturally involved new 
difficulties. Above 10,000 or 20,000 volts there was an 
unexplored and uncertain field in the matter of insula- 
tion. Materials which were commonly used at ordinary 
voltages might have very different characteristics under 
the new conditions. The large high tension 
transformer of today was not designed in a week or a 
month, but it has been an evolution, based upon experi- 
mental tests and experience in continued operation,’’ 
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The insulator is characterized as ‘‘the fundamental fac- 
tor in trausmission,’’ and the glass type of insulator is 
preferred for reasons which have already been given in 
these columns. The underhung type of insulator, which 
many believe to possess advantages, proved to be unsuc- 
cessful and unsatisfactory. It was ‘‘ heavy and cumber- 
some, and no satisfactory method was devised for holding 
the wire. A wooden pin lacks strength and a metal pin 
reduces insulation. Moreover, smaller insulators of the 
ordinary form were found suitable for higher pressures 
than was anticipated.’’ 

The most prominent, if not the only instance ot the use 
of underhung insulators on the Pacific Coast is by the 
Montana Power Company, transmitting power from the 
Big Hole River to the city of Butte, Mont., a distance of 
20.6 miles, and the underhung insulators there in use are 
reported to be satisfactory, particularly because the bank- 
ing of snow under them is impossible. As to the pin 
question, practice will probably center in the use of well 
treated wooden pins, or, when unusual strains are to be 
provided for, special pins of steel that are sheathed and 
capped with treated wood will perhaps come into general 
use. With these high electromotive forces, the length of 
the pins must be materially increased, which will probably 
necessitate the redesigning of the pin and insulator to en- 
able the pin to be of such dimensions as will resist the 
additional strains imposed by the increase in length. The 
observation that smaller insulators of the ordinary form 
are suitable for higher pressure than was anticipated, 
seems especially pertinent after looking over the Pomona 
line, where the entire petticoats of hundreds of the Pomona 
type insulators have been shot away; where those of these 
insulators that were shattered so as to be unfit for further 
service have been replaced with ordinary glass telegraph 
insulators, and where service runs on uninterruptedly over 
Pomona type, petticoatless glass ‘‘stumps,’’ and telegraph 
insulators as though it were not carrying the pressure that 
was looked upon six years ago as enormous. 

Rain, in falling on porcelain insulators, preserves the 
form of the drops and rolls off as though the insulator 
were oily; but with glass insulators the moisture spreads 
all over the surface on reaching it. That the condition 
of the insulator is materially improved during rain by the 
action of the current was shown at Telluride by applying 
45,000 volts to a circuit, when the wattmeter indicated 
116. After four minutes the deflection decreased to 72 
watts, the current remaining the same. ‘The electromo- 
tive force was then increased to 60,000 volts, the watt- 
meter deflection increased to 155, and at the end of three 4 
minutes it had fallen to 138. The current was one-third 
greater than at the lower voltage, but remained constant 
while the wattmeter changed. Data of value would be 
given were it stated what approximately the wattmeter 
reading would probably have been were the line dry, in 
order that some determination might be made regarding 
the amount of energy expended in the so-called ‘“‘drying’”’ 
of insulators, as well as the real efficacy of such drying. 

Regarding atmospheric conditions, the paper disabuses 
the once prevalent idea that line losses increased materially 












































with increased humidity or dampness, by stating that ‘‘if 
there was any variation in the loss on the lines for the 
observed range of weather conditions, it was so small as 
to be inappreciable. The results of all measurements 
taken seem to confirm the fact that the only weather con- 
ditions whatsoever which affect the loss to any practical 
extent is that of precipitation. The loss seems to bear 
some relation to the size of the particles precipitated, 
being greater for a fall of snow in which the flakes are 
large than one in which the flakes are small.’’ The in- 
fluences of fogs are not discussed and it is presumed that 
there is no fog at the Telluride plant. Fog is, however, 
of no consequence, as the experiences of the San Joaquin 
and Santa Cruz transmissions have demonstrated. 

Of the feasibility of transmission at 40,000 volts even 
under most trying climatic and atmospheric conditions, 
there is no shadow of doubt, for its commercial practica- 
bility has been fully demonstrated in the Provo-Mercur 
installation which has been running now for a year or so 
through every possible variety of weather at the high 
electromotive force named. ‘Transmission at 50,000 volts 
has not been tried on a commercial scale as yet, but the 
experiments thus far with lines at that pressure seem to 
indicate that the bulk of California transmissions would 
experience no more difficulty in operating at 50,000 volts 
than is found with the present potentials, provided of 
course, that insulators, pins and cross arms of the most 
approved types were used. 


The /nland Printer, which embodies 
all that is best in the art preservative, and 
ELECTRIC POWER . 

m Yee is to typography and presswork what THE 
JouRNAL OF ELECTRICITY is to electric 

PRESSROOM. 3 : , 
transmission interests, (becoming mod- 
esty, this!) gives an unqualified endorse- 
ment to electric power in the pressroom by stating in its 
Christmas edition that when we consider that a printing 
press for a daily newspaper is in use only a few hours out 
of each twenty-four, that its output may vary within very 
wide limits, and that under the old system steam was kept 
up and belting running for a considerable time before and 
after the edition was actually printed, it is seen that the 
starting or stopping of a press by the turning of a hand 
switch results in a much more economical output of power. 
Among the practical difficulties which always existed in 
the pressroom of a large daily newspaper run by belting, 
was the fact that two men were always required to put 
the press in motion, if only for oiling purposes. This 
was because one man had always to stand by the belt to 
slip it on the pulley, while the other climbed up to oil 
bearings or to the semi-cylindrical stereotype plates on the 
printing cylinder. As the belt had only one invariable 
speed, and it took perceptible time for the man at the 
press to call out to the man at the belt, and for the man 
at the belt to throw it on to the idle pulley, the press was 
frequently turned past the desired mark, and had to be 
put through another revolution to again reach it. The 
electric motor, with twenty different rates of speed, be- 
tween ‘‘dead slow’’ and full speed, and with ‘‘stop’’ but- 
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tons placed within easy reach of a man’s hand in every 
part of the machine, has changed all this, so that what is 
now comfortable for one man to do, was formerly a thank- 
less job for two men to attempt together. 





Passing Gomment 
An Editorial Review of Current Events and Comtemporary 
Publications. 

TESLA’S LINELESS POWER TRANSMISSION SYSTEM. 

Nikola Tesla, to whose lines of research and invention 
the electrical world owes much, has secured patents on a 
novel system ‘‘of electric power transmission through 
natural media,’’ and which, briefly described, consists in 
the generation of extremely high electromotive forces, 
even up into millions of volts, and the transmission of 
electrical energy from point to point thereby through the 
rarified atmosphere of the high altitudes. A description 
of the proposed system will be found in the -/ectrica/ 
Review, (N. Y.) for October 26th, together with a full 
page view of a Tesla oscillator, photographed in action, 
showing that the actual width of space traversed by the 
luminous streams issuing from a single terminal is over 
sixteen feet ; that the area covered by the streamers is ap- 
proximately two hundred square feet, and that the esti- 
mated effective electric pressure is two and one-half million 
volts. From the description, which is taken from the 
patent specifications, it appears that the generating and 
receiving stations do not differ from present practices in 
power transmission plants of today, but the novel features 
consist in the spirally wound coils of the raising and low- 
ering transformers, and the conduction of the high poten- 
tials named to rarified strata of atmosphere as by balloons, 
a grounded return being used. 

The times are not ripe for the acceptance of the views 
implied by the inventor. More than that, other ideas sug- 
gested and patented by him bear to a marked extent the 
imprint of day dreaming and unhealthful pandering ‘‘ to 
the gallery’’ through the lurid columns of Sunday papers, 
and his once great name has suffered a possibly irreparable 
injury. Still, as stated, the engineering world owes much 
to his fertile brain, and its seeming degeneration can only 
excite pity and regret. 

 & + 

THE LIMITATIONS OF POWER TRANSMISSION. 

The first duty of ever company distributing electric 
power for whatever purpose intended, is to provide for an 
uninterrupted service, says Zhe Electrical Engineer, 
(N. Y.) for without this no customer will be satisfied, 
and without satisfied customers there can be no progress 
from a financial standpoint. It does not by any means 
follow that every water power can be successfully trans- 
mitted to long distances. The conditions which determine 
success, however, can in every case be fairly well prognos- 
ticated, but such prognostication ought to be left in the 
hands of most competent engineers. Nor does it follow 
that a water power transmission is subject to any other 
general laws as to loading, than is asteam plant. In fact, 
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the advantage, if any, is on the side of the latter, for 
whereas a steam plant can, in case of emergency, be forced 
considerably: beyond its normal capacity for extended 
periods of time, such is not the case with a water power 
plant. It follows, therefore, that to load up a water power 
plant beyond its capacity is a practice that will sooner or 
later bring on trouble. All these troubles can, however, 
be avoided by judicious management, and examples that 
have been cited seem to indicate that had due precautions 
been taken, unfavorable results could have been avoided. 
Certain it is that the art of electric power transmission is 
now so well established and its limitations are so well un- 
derstood, that there can be no excuse for failure. 


Gas 
ACETYLENE.* 
BY PROF, VIVIAN B, LEWES, F. I. C., F. C. S. 
I. 

CETYLENE, on analysis, is found to contain 92.3 parts of 
carbon and 7.7 parts of hydrogen. It has a density of 0.92. 
When prepared by the action of water upon calcic carbide 
it has a very strong and penetrating odor, but when the 
gas is thoroughly purified from sulphuretted and phosphoretted 
hydrogen, which are invariably present in it in minute traces, 
this pungent odor disappears and the pure acetylene has a not 
unpleasant etherial smell. It is readily soluble in water which, 
at normal temperature and pressure, takes up a little more than 
its own volume of the gas, and yields a solution giving a purple- 
red precipitate with ammoniecal cuprous chloride, and a white 
precipitate with silver nitrate, these precipitates consisting of 

acetylide:. of the metals. 

The sulubility of the gas in various liquids, as given by different 
observers is as follows: 100 volumes of brine absorb 5 volumes 
of acetylene; 100 volumes of water absorb 110 
volumes of acetylene; of alcohol, 6co volumes; 
of paraffine, 150; of carbon disulphide, 100; of 
fusil oil, 100; of benzine, 400; of chloroform, 400; 
of acetic acid, 600; and of acetone, 3100 volumes. 
It will be seen from this that where it is desired to collect and 
keep acetylene over a liquid, brine is best for the purpose; but in 
practice it is found that unless water is agitated with acetylene or 
the gas is bubbled through the water, the top layer soon gets sat- 
urated and the gas then dissolves but slowly. 

When acetylene was first introduced on a commercial scale, 
grave fears were entertained as to its safety, it being represented 
that it had the power of combining with certain metals, more es- 
pecially copper and silver, to form acetylides of a highly explos- 
ive character, and that even with coal gas, which contains less 
than one per cent. of acetylene, such copper compounds had been 
known to be formed in cases where the distributing mains were 
of copper, and that accidents had happened from this cause. It 
was, therefore, predicted that the introduction of acetylene on a 
large scale would be followed by numerous acci- 
dents, unless copper and its alloys were rigidly 
excluded from contact with the gas. These fears, 
however, have fortunately proved to be absolutely 
unfounded ; and the original gas fittings can be 
used with perfect safety with acetylene. This point was exhaust- 
ively experimented upon by H. Gerdes, the chief engineer of 
Messrs. Pintsch, of Berlin, in the summer of 1895, in which the 
gas was not only used under ordinary pressure, but also mixed 
with oil and coal gas at pressures of nearly ten atmospheres. Of 
all the metals and alloys used, the ones which are known to resist 


SOLUBILITY. 


EXPLOSIONS. 


* Abstract of a series of four Cantor lectures delivered to the Society of Arts, 
London. 
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ordinary oxidation in the air remained perfectly unaffected, while 
the easily oxidizable metals suffered on the surface ; but in no in- 
stance was it possible to trace any acetylene compound, and no 
explosion could be produced either by heating or hammering. If, 
however, acetylene be passed through an ammoniacal solution of 
cuprous chloride, copper acetylid is formed, and when dry this 
explodes with great violence when struck or when heated. Inde- 
pendent observations made by M. Bullier showed that in order to 
obtain this explosive compound of acetylene and copper, it was 
necessary that the gas should come in contact with a sub-salt of 
the metal in the presence of an excess of ammonia, and as in ac- 
tual practice these conditions would never be realized, it is mani- 
fest that the alleged danger may be disregarded. As to the charge 
that it is a highly poisonous gas, the very extensive experiments 
of Dr. Grehant, Brociner, Malooz, Crismer and others, all con- 
clusively show that acetylene is less toxic than carbon monoxide, 
and, indeed, less than coal gas. 

Acetylene can be condensed into a liquid by cold or by pressure. 
Experiments by Ansell show that if it be subjected to a pressure 
of 21.53 atmospheres at o° C., it is converted into a liquid state, 
the pressure required increasing, of course, with the rise of the 

temperature and decreasing with the lowering of 

the temperature, until, at 82° C., it becomes liquid 
LIQUIFICATION, under ordinary atmospheric temperature. With 

the advent of calcic carbide, acetylene assumed a 

position of commercial importance and a great 
future was expected from its use in liquid form, as a cylinder fit- 
ted with the necessary reducing valves would supply the gas to 
light a house for a considerable time, the liquid occupying be- 
tween 1-400th and 1-500th of the volume of the gas. But where 
liquid acetylene has been made on a large scale, several fatal 
accidents have occurred owing to its explosion under not easily 
explained conditions. Berthelot and Violle have found that if 
liquid acetylene in a steel bottle be heated at one point by a plat- 
inum wire raised to a red heat, the whole mass decomposes and 
gives rise to tremendous pressures varying from 71,000 to 100,000 
pounds per square inch. The liquid could not be detonated by 
shock. This decomposition did not spread far beyond the point 
at which it was started if the liquid was at ordinary pressure, but 
if it was under a pressure of more than thirty pounds per square 
inch, the decomposition became a detonation throughout the 
mass. These results showed clearly that liquified acetylene is far 
too dangerous for general introduction for domestic purposes, and 
in England its storage and use is prohibited. 

If acetylene in contact with air be heated to 480° C., it ignites 
and burns with a flame the appearance of which varies with the 
way in which the gas is brought in contact with the air. With 
the gas in excess, a heavy, lurid flame, emitting dense volumes of 
smoke, results, while if the gas be driven out in 
a sufficiently thin sheet, it burns with intense bril- 
liancy and almost perfect whiteness by the light 
of which colors can be judged as well as by day- 
light. Acetylene can be ignited with any red hot 
carbonaceous matter, such as the glowing end of acigar For 
its complete combustion, acetylene requires 124 volumes of air, 
and forms, as its products of combustion, carbon dioxide and 
water vapor. If, however, the air is in much smaller ratio, incom- 
plete combustion ensues and carbon, carbon monoxide, carbon 
dioxide, hydrogen, and water vapor are produced. It is probable 
that when a flame is smoking badly, distinct traces of carbon 
monoxide are being produced; but when it is burning properly, 
its products are as harmless as are those of coal gas, and, light 
for light, very much less in amount. For all practical purposes 
the explosive limit of acetylene with air may be taken at 3% per 
cent. of acetylene, and an explosive mixture of the gas and air 
attains its maximum power with a mixture of 124 volumes of air 
to one of acetylene. Ordinary coal gas forms an explosive mix- 
ture between the limits of 6 and 29 per cent., and yields its maxi- 
mum result with a mixture of one volume of coal gas to about 
ten volumes of air. 


COMBUSTION. 


(To be continued.) 





Physios 


ENERGY RECEIVED FROM THE SUN. 
BY PROF, L. G. CARPENTER. 

T is well known that the sunshine on our Western plains is much 

| greater in amount than that received by the East. For ten 

years the author has maintained observations on the intensity 

of the energy received from the sun, (using the Arago-Davy con- 

jugate thermometers) and also observations on the amount of 

sunshine, The observations show an intensity of from 7 to 17 

calories per square meter from 8 a. m. to 5 p. m. on sunny days, 

or from ¥% to 1.4 horse-power per square yard. It seems as reli- 

able as the wind, which is extensively used as a source of power 
for small plants. 


Ttydraulics 


HYDRAULIC EQUIVALENTS. 

According to G. Olivio Newman, C. E., one miners inch of 
water under four inches pressure above the center of the opening 
flows in one second 0.02 cubic feet, or 0.1496 gallons; in one min- 
ute, 1.2 cubic feet, or 8.976 gallons; in one hour, 72.0 cubic feet, 
or 538.56 gallons; in twenty-four hours, 1728.0 cubic feet, or 
12925.44 gallons. 

One cubic foot per second equals fifty inches under four inches 


pressure. Be 
[ndustrial 
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SOMETHING NEW IN MOTORS. 

There is nothing holds the fancy of the practical mechanic like 
a well constructed piece of machinery. In this age of change 
and rapid improvements electric motors have, of necessity, kept 
pace with the times. 

The latest improvements have been embodied in a large ship- 
ment of Sprague-Lundell motors which has lately reached the 
Brooks-Follis Electric Corporation. Their large storerooms at 
523-525 Mission street, now contain the most complete stock of 
motors, ranging from ,', to 25 horse-power, on the coast. 

For beauty of design, superiority of construction, and perfec- 
tion of detail, the Sprague-Lundell motors are unrivaled. This 
is not au idle boast. The Brooks-Follis corporation has issued a 
cordial invitation to its competitors and customers to inspect the 
latest thing in the way of motors, and the generous praises which 
the Sprague-Lundell’s have called forth, is the highest tribute 
possible to bestow. 

The manufacturers of these motors use the highest grade Ster- 
ling Extra Insulating Varnish in the construction of their appa- 
ratus. This varnish, so well known to the electrical trade, is 
manufactured by the James Todd process and paterts. Its many 
good qualities have induced the Brooks-Follis Electric Corpora- 
tion to accept the agency for the Pacific Coast, and, on its merits, 
they are vigorously pushing the sale of this varnish with gratify- 
ing success. 


THE CENTRAL ELECTRIC CO. IN SAN FRANCISCO. 

The Central Electric Company of Chicago, through its Pacific 
Coast agent, Mr. A. 1. Neisser, of Los Angeles, has established 
an Office at 530 California street, San Francisco, with Mr. Otto 
Neisser in charge. All communications addressed there or to the 
Los Angeles office, 327 Fred J. Byrne building, will at all times 
receive prompt attention. 





The General Electric Company has established a sales office in 
the Templeton Building, Salt Lake City,.Utah. It is in charge of 
Mr. B. E. Chubbuck. : 
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“Enclosed Arc Lamps, (No. rors). An artistic brochure of 
58 pages discussing the many advantages of enclosed arc lamps 
and describing the special forms of those manufactured by the 
publisher of the booklet. From the press of the General Electric 
Company. 

‘‘Knight’s Water Wheels.’’ A catalogue of the well known 
Knight water wheels, rock breakers, hydraulic engines, traction 
engines, centrifugal pumps, mining dredges, etc., the greater por- 
tion of which is devoted to water wheels. Some very valuable 
hydraulic tables are included. Anight & Company, Sutter Creek, 
California. 

*‘Electricity in Paper Making.” A 30-page reprint of a paper 
read by Chas. F. Scott, chief electrician of the Westinghouse 
company, before the American Pulp and Paper Association. Al- 
though the introductory deals largely with electrical equipments 
as applied to paper making, the latter portion of the pamphlet 
contains an exceedingly clear exposition of the general principles 
underlying the action of electrical equipments of almost every 
description. Westinghouse Electric and Manufacturing Company. 

**Generators and Rotary Transformers for Electrolytic Work,”’ 
and ‘‘Polyphase Inductor Generators,” (Catalogues Nos. 200 and 
201 respectively). Monthly bulletins of twelve and twenty pages, 
freely illustrated and of standard size for binding. No. 200 de- 
scribes and discusses the characteristics of electrolytic apparatus 
of various capacities up 850 kilowatts, while, similarly, No. 201 
describes the salient features of the polyphase induction genera- 
tors recently brought out by the Westinghouse company. An ex- 
cellent feature of most of these circulars is the dimensional data 
given by means of outline drawings and tables. 
Electric and Manufacturing Company. 


Westinghouse 


‘*Industrial Railways,’’ (No. 9805); ‘‘ Mast Fittings, Coal Tubs, 
Hoisting Blocks and Wheelbarrows,” (No. 9807); and ‘‘ Manila 
Rope,” (No. 9811). Three freely illustrated and valuable cata- 
logues of 48, 20 and 42 pages respectively, pertaining to the sub- 
jects named. Each describes special appliances of the highest 
states of their arts. No. 9805, for instance, is a treatise on sec- 
tional track, road beds, curvatures, etc., while the brochure on 
Manila rope is perhaps the most interesting dissertation on Manila 
fibre and the making and uses of rope that has ever been pub- 
lished. It describes various methods of splicing and shows how 
to tie about thirty of the kuots, hitches or bends that are most 
frequently used, but the most valuable portion is that devoted to 
rope driving, which consumes about twenty pages of tables, rope 
transmission curves, diagrams and descriptive matter. Zhe C 
W. Hunt Company. 45 Broadway, New York. 


SOME LETTERS TO THE EDITOR. 

“Your San Gabriel edition is worth the price of a year’s sub 
scription.”"—STEPHEN D. FIELD, Stockbridge, Mass. 

‘* For thorough and able treatment, the descriptions contained in 
the articles from your own pen on ‘ Electric Storage in an Edison 
Station,’ and ‘The San Gabriel-Los Angeles Transmission,’ rank 
among the best of their class to be found in modern electrical 
journals.”’—FRED’K RECKENZAUN, electrical engineer, New York. 





“JT have just received a letter from Omar DeBast, professor of 
Electro-technology at Montefiore Institute of Electricity, in Liege, 
Belgium, which I consider to be the best school of electricity in 
the world. In this letter Prof. DeBast says: 
you had the kindness to send me a few numbers of THE JOURNAL, 
OF ELECTRICITY of San Francisco. Permit me to thank you for 
the favor. I found the JouRNAL exceedingly interesting.’ Mr. 
Editor, will you kindly forward a year’s subscription to Prof. BeBast, 
sending the bill for the same to me?’’—-A. VAN DER NAILLEN. 


‘While in Europe 





HIGH-VOLTAGE POWER TRANSMISSION. 
(Continued from page 121.) 


volts the current passed across the spark-gap betwen the line 
wires. A spark also crossed a gap of %-inch, shunting the 
small choke-coil. This test shows the remarkable sudden- 
ness of the rush of current when the short-circuit occurs due 
to the breaking down of the spark-gap on a high-voltage cir- 
cuit. This phenomenon was observed by Mr. Mershon in 
choke-coils used in connection with lightning arresters at Tel- 
luride. 

Running tests were made on four lines in multiple at high 
voltages. Each line consisted of two wires 1,040 feet in length 
held by 26 insulators. The insulators were of the various types 
of glass and porcelain, some of the ordinary form and some un- 
derhung. For hours at a time, 100,000 volts or slightly more 
were kept upon the line. For about six weeks, voltages rang- 
ing from 70,000 or 80,000 to 100,000 volts were kept on the lines 
for about eight hours a day. When there was rain the line 
would short circuit, and the voltage had to be reduced. During 
a driving rain-storm, 48,000 volts was kept on the lines, and it 
may have required a considerably higher voltage to have 
caused short-circuiting. 


(7) A high-tension wattmeter similar to the Thomson watt- 
meter at Telluride was used. To correct the wattmeter for the 
errors caused by charging current in the shunt resistance, a 
condenser was placed in parallel to the shunt circuit of the 
wattmeter. This condenser should be so adjusted that the cur- 
rent through the shunt circuit of the wattmeter is the same 
that it would be if there were no condenser and the shunt re- 
sistance had no capacity. This permits the capacity current in 
the circuit to be shunted around the wattmeter by the con- 
denser. The condenser in shunt to the wattmeter was capable 
of adjustment, and by varying its capacity the deflection could 
be made positive or zero or negative when current was deliv- 
ered to a constant load. The proper adjustment was made by 
taking a comparatively low voltage, at which the charging 
current was very high in comparison with the loss, so that the 
loss was nearly negligible, and adjusting the wattmeter to in- 
dicate zero. At higher voltages, when there was a considerable 
loss, the error with this adjustment would be inappreciable. 
Certain variations with temperature and humidity were noted 
which would be explained by a variation in the capacity of 
the resistance, causing a variation in the charging current to 
the shunt circuit of the wattmeter. The high resistance for 
the shunt circuit was wound upon fuller-board plates contain- 
ing brass stiffening pieces. Tests were made upon individual 
plates by measuring the capacity between the wire and the 
supporting strip of brass, and it was found that the capacity 
and the insulation resistance both varied with the amount of 
moisture in the fuller-board insulation. In order to prevent 
variations of this kind, subsequent resistances were wound 
upon glass plates, which seems to be a very satisfactory form 
of construction. 


TESTS AT NIAGARA. 


Some measurements have been made upon the Niagara-Buf- 
falo transmission line. There are two circuits of three wires 
each, one of which was in service and the other was available 
for tests. Each circuit consists of three cables each of 350,000 
c. m., about 0.7 inches in diameter. The cables are run on 
porcelain insulators, and are on the same cross-arm. Adjacent 
insulators are 18 inches apart and the circuit is spiralled, so 
that each of the three wires occupies the middle position for a 
third of the distance. Current from one of the 5,000 h. p. gen- 
erators was applied to the line through a raising transformer, 
by which the voltage can be increased by small steps to 100,000 
volts. This transformer is part of a high-tension testing outfit 
which is described by Mr. C. E. Skinner in the Electrical 
World, March 5, 1898. The wattmeter is a Thomson inclined 
coil instrument with a high resistance shunt of german silver 
wire wound on glass plates. The ammeter is a Thomson in- 
clined coil instrument, connected directly in the high-voltage 
circuit. 

Measurements were made between the various pairs of wires, 
i. e., 1 and 2, 2 and 3, and 1 and 3; the current was found to be 
practically the same in each case; the loss on one of the cir- 
cuits was slightly greater than that on either of the other two, 
on which the losses were about equal. The accompanying 
curve shows the measurements of current when two wires 
were connected, and the measurement of ioss; the latter meas- 
urements were made upon one pair of wires up to about 26,000 
volts, and then upon a second pair. The results are given in 
Fig. 14. 

On another day, measurements were made of the resistance 
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between each wire and the ground, and corresponding meas- 
urements of loss were made by placing the high potentials be- 
tween each wire and the ground. The measured loss was 
somewhat greater than the loss calculated by using the E. M. F. 
and the measured resistance. In these measurements, at volt- 
ages from 13,000 to 23,000 volts, the power factor calculated 
from the current and wattmeter measurement, varied from 
about 4 per cent. to 6 per cent., so that a very small charging 
current in the wattmeter would produce a considerable error 
in the reading. 

Some measurements were made upon a pair of fine wires, 
in which the wires were placed at different distances apart. 
No. 31 B & S gauge spring brass wire 8.9 mils in diameter 
was used. The iength of the parallel wires was 744 feet. They 
were suspended by light strings successively at 6 inches apart, 
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14 inches apart, and 25 inches apart, the distance varying trom 
24 to 27 inches. The wattmeter readings are given in the 
curves in Fig. 15. The power factor of the measuremtns made 
above 100,000 volts is about 95 per cent ,.and is over 80 per cent. 
above 70,000 volts. There can be but little error in the watt- 
meter due to charging current in the resistance at these power 
factors. 


TRANSMISSION PLANTS IN OPERATION. 


Beginning with the plant at San Bernardino and Pomona, 
which began operation in 1892, using 10,000 volts and transmit- 
ting 30 miles, a constantly increasing number of plants have 
been installed operating at 10,000 or 15,000 volts. In some 
cases there has been little or no trouble experienced with the 
transmission lines, while in other cases the experiencs have 
been less satisfactory. The principal trouble seems to have 
been a poor grade or an insufficient size of porcelain insula- 
tor. In other cases, the insulators, sometimes porcelain and 
sometimes glass, have given almost perfect satisfaction. 

The superintendent of a power company which has been run- 
ning fifteen months with about 15,000 volts, reports that they 
“have had absolutely no trouble whatever of an electrical na- 
ture.” Some insulators were broken because they had been 
used as targets by small boys or hunters, but only the outer 
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petticoats were broken, and no short-circuits occurred, al- 
though in some cases insulators were in use for months with 
most of the outer petticoats chipped off. The distance of trans- 
mission is twelve miles. Porcelain insulators are used. 

In another plant, which has been in operation about a year 
and a half, employing 15,000 volts for a distance of nearly 
thirty miles, there have been but three shut-downs on account 
of line difficulties. These were due to the breaking of insula- 
tors at a point where the line was spiraled. In one case, the 
repair was made in half an hour, and the other case a few 
minutes interruption to service was sufficient for repairs. 

The line is regularly patrolled, and if a defective insulator or 
pin is found, the generating station is notified by telephone, 
and the line is shut down for a few moments at noon. In one 
case two poles were burned by a defect in the insulators on the 
top of each. The poles burned to the ground, leaving the line 
hanging clear without any one at either the generating sta- 
tion or sub-station being aware of the fact 

Troubles have arisen on some lines ty the burning off of 
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pins by the passage of sparks from the outer edge of the insu- 
lator to the pin. These sparks make small] doles in the pin, 
no larger than a needle-point, but after rontinuous sparking 
for some time the pin becomes entirely .farred. An iron pin 
suggests itself as a remedy, but additional strains and liability 
to breakdown are liable when a conductor is placed within the 
insulator. The burning off of pins has occurred where small 
porcelain insulators are porous and the outside glaze is im- 
perfect, while the glaze on the inside is good. When the por- 


celain is filled with water, the current readily passes through - 


it to the lower rim of the insulator, and then sparks across to 
the pin. In one place which has been running for about three 
years some 250 pins burned off. The early insulators have 
been replaced by larger and better ones, and this defect has 
disappeared. 

A 10,000 volt-line, which runs for a dozen miles or more 
within a few hundred miles of the Pacific Coast, has burned 
cross-arms on nearly every pole. The cross-arms near the 
ends of the line, which are away from the coast, are not 
burned. Usually, the burning appears as a mere blackening of 
the cross-arm for a short space between the insulators, on one 
side of the arm. In some cases, the charring is deeper, and 
appears on both sides. The side on which almost all of the 
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burning occurs is the one toward which the winds come from 
the ocean, bearing the mist of salt water. The wire shows 
discoloration, and the iron braces for holding the cross-arms 
are, in a few cases, eaten through. Moreover, the cross-arms 
were green and full of sap when erected. The early porcelain 
insulators were porous, and have now been replaced, and the 
pins are of iron. The charring has ceased almost entirely 
since the new porcelains were put up. 

It may be observed that in the plants which are herein re- 
ferred to, and in the experimental tests, no mention has been 
made of insulators with cups containing oil for reducing the 
surface leakage. Insulators of this kind were used in the 
Frankfort-Lauffen experimental transmission line at 30,000 
volts. Practically, however, the surface insulation is adequate 
without oil cups, and the principal duty of the insulator is to 
prevent the current passing over the surface and jumping to 
the pin or cross-arm, a matter with which the oil would have 
nothing to do. 

Telephone lines are in use in a number of plants placed on 
the poles which carry che transmission wires. The telephone 
lines are usually placed some distance below the transmis- 
sion wires, and are crossed at frequent intervals. The tele- 
phones in general work very satisfactorily 

There apepars to be practically nothing in power transmis- 
sion in Europe using high potentials, outside of Switzerland. 
The installation in Paderno, in Switzerland, is operating at 
15,000 volts, the highest voltage which has been used in that 
country. The damp weather is one of the limiting factors. 
The insulations used are porcelain with a triple petticoat. 


40,000 VOLTS IN COMMERCIAL SERVICE. 


The highest voltage which is used for transmission is in the 
Provo plant of the Telluride Power Transmission Company 
in Utah, which transmits power 35 miles to the Mercur mills 
at 40,000 volts. Raising transformers are three in number, 
and are connected in the star form. Each transformer has a 
capacity of 250 k. w. The middle points of both the high-ten- 
sion and low-tension circuits are grounded. In general design, 
these transformers resemble the transformers used in the 
high-tension tests at Telluride; the design and construction 
having been under the direction of the same man in both 
cases. The line extends from: Provo at an elevation of 4,500 
feet to Mercur, at 2,000 feet above Provo, and the line reaches 
an extreme height of about’ 10,000 feet above the sea level. 
Three miles of the line are strictly mountain construction. 
The lightning protection is afforded by choke-coils and Wurts 
non-arcing metal arresters. The insulators are of glass. The 
design was based on the tests at Telluride, and they were 
made especially for this plant. The form is shown in Fig. 16. 
The insulators are held on special pins of oak which are tho- 
roughly paraffined. The lower part of the insulator is 5”’ above 
the cross-arm. 

In dry weather, there has been no difficulty whatever in 
operating. The insulators do their work as effectively as could 
be expected if the voltage were only a few thousand volts. 
When everything is dry, the line will operate without diffi- 
culty, even if some of the insulators are off and the wire rests 
upon the cross-arm. When it rains, there is sometimes trou- 
ble. It is indicated in the station by the ammeters giving 
quick swings, showing momentarily strong currents. Some- 
times this is apparently a short-circuit and blows a fuse. In 
every case when there has been trouble on the line it has been 
in rainy weather, and broken insulators have been found 
which located the trouble. It is certain that in most cases 
these have been previously broken by bullets,and in other cases 
it is probable that the insulators were likewise broken. It 
is believed, therefore, that had there been no intentional break- 
age of insulators there would have been no trouble upon the 
line since the plant began operating in February last. A few 
of the insulators near the station are not far from the over- 
flow, and are in a moisture equivalent to a rain all the time, 
without doing any damage. Snow has often backed from the 
cross-arm up against the bottom of the insulator and around 
the first petticoat. It is usually found that the part of the 
insulator around and near the wire does not receive deposits 
of moisture or frost but remains dry, the particles being re- 
pelled. At this plant, current for about 700 h. p. is carried 
through three fuses of copper wire 10 mils in diameter. Iron 
wire is used on a branch line for transmitting about 100 h. p. 
for about three miles. 

This plant has been in operation in winter and in summer, 
“in thunder, lightning, or in rain,” the sole supply of power 
for the enormous De Lamar mines and mills at Mercur, and is 
a happy and fitting consummation of the high-tension tests 
described in the beginning of this paper. 
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LIMITATIONS OF HIGH-VOLTAGE TRANSMISSION. 


The important commercial question is: To what distance 
can power be transmitted? The relation between distance and 
voltage is well known. The same weight of copper can trans- 
mit with equa] efficiciency the same power to any distance, 
provided the voltage is increased directly as the distance is 
increased. The limiting commercial ratio between vyoltage 
and distance is easily found. If the distance be three miles per 
thousayd volts, and the loss 16 per cent., the cost of copper 
is about, $20 per h. p. The interest on the latter investment 
is aboy@$1 per year. A distance in miles equal,to three times 
the number of thousand volts may therefore covered with- 
out an excessive annual charge per h. p..Aor copper. The 
limits to the voltage which are practicablg@’ depend principally 
upon the insulator and upon the loss between wires. 


The Insulator—The two: fundamental requirements are di- 
electric strength sufficient to prevent puncture, and a size and 
form which will prevent the passage of the current around the 
insulator. A given insulator be adequate for a higher 
voltage where the atmospher comparatively pure and dry, 
than it will be under other ditions. The rapid progress 
which has been made in the design and construction of insula- 
tors during the last few years will doubtless provide an in- 
sulator which will accommodate the highest voltages that can 
be used due to other limitations. The insulator, therefore, 
while remaining the critical point in a transmission system 
will probably not determine the limit of practicable voltages. 

Loss Between Wires—The loss between bare wires at high 
voltages sems to determine a positive limit, beyond which the 
voltage cannot be increased. This loss is subject to variation 
due to diameter of wire, distance between wires, and wave 


FIGURE 16.—INSULATOR USED AT PROVO FOR 40,000 VOLTS. 


form of the e. m. f., but the variations which may occur under 
favorable commercial conditions locate the point of increase of 
loss about 50,000 or. 60,000 volts.. Under favorable conditions 
this may be raised somewhat, but it is not probable that any 
material increase can be made. 

Amount of Power—The amount of power to be transmitted 
involves some interesting commercial limits. There are cer- 
tain elements in a transmission which do not vary greatly 
with the amount of power transmitted. Thus, the charging 
current to the line will be practically the same whether the 
wire will transmit 1,000 or 100 h. p. If the charging current 
happens to represent 300 h. p., it would be insignificant in one 
case, but for the smaller output it would require generating 
apparatus several times that necessary for the actual power. 

It is not mechanically practicable to use wires as small as 
would be sufficient, in so far as conductivity is concerned, for 
transmitting a small power. For example, a No. 7 copper 
wire, which is as small as is ordinarily used, if employed in a 
3-phase circuit fifty miles in length, would transmit over 1,000 
k. w. at 40,000 volts with 10 per cent. loss. If only a few hun- 
dred kilowatts were to be transmitted, the cost per k. w. would 
be excessively high, and on the other hand a lower voltage 
eould be used without undue loss. In some cases, indeed, 
where a high voltage is used for small power, as for example 
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on a branch circuit, an iron telegraph wire would have ample 
conductivity. In other cases, an aluminum wire could be used 
to advantage, as an aluminum wire of the same conductivity as 
a copper wire has only about half the weight, and possesses 
greater mechanical strength in comparison to its weight. 

It may also be noted that high-voltage transformers cannot 
be economically built for small output, as the insulation spaces 
required are so large. The cross-section of the copper is often 
not more than 10 or 20 per cent. of the area of the opening in 
the iron. The cost per k. w. increases very rapidly when the 
size of transformer falls under a few hundred k. w. 

Cables and Conduits.—The overhead transmission line has 
been considered, and its limitations are the insulating strength 
of the insulator and the losses through the intervening me- 
dium. In a cable or a conduit the insulation must be provided 
continuously, instead of at points a hundred feet apart. Rub- 
ber-covered cables are made for 10,000 and 20,000 volts, but it 
is quite possible that it will not be commercially practicable 
to make cables for much higher voltages. ‘ihe effect of con- 
tinued electric stresses on the insulation of the cable, which is 
an unknown factor may prove to be a very important one. A 
conduit composed of a pipe containing oil, in which the wires 
are separated by glass tubes has been proposed. Many me- 
chanical difficulties arise in constructions of this kind; the cost 
is high, and the action of continued high voltages on solids and 
liquids opens a field which is little known. A suitable insula- 
tion on the wires on high-voltage lines may enable higher 
voltages to be used than can be used with a bare wire. 

Liquid air, with its high insulating properties, and the low 
temperature and consequent high conductivity which it would 
give to a conducting wire, may enable us to use air insulation 
in a new way. 


Difficulties and Precautions.—High voltages have been re- 
ferred to in this paper with perhaps undue familiarity. Famil- 
iarity with high voltages is not one which breeds contempt. 
A voltage which can produce sparks several inches in length, 
which can be felt through several feet of air, which causes 
hissing sounds, which produces luminosity, and which in a 
confined room generates strong odors of ozone, is one which 
creates profound respect. Dangers and difficulties accompany 
it, and the highest intelligence, vigilance and excellence must 
be employed to avoid accident and ensure success. While or- 
dinary types of construction do not seem to reach their limita- 
tions until some 50,000 volts is reached, and pressures of this 
order have been and are in regular use, nevertheless they are 
not to be used indiscriminately or where they can be avoided. 
There are difficulties enough in handling 15,000 and 20,000 
volts. As the pressure is raised, the liabilities to trouble in- 
crease at an alarming rate. It is, however, a fact that these 
voltages have been and can be used, and also that no new or 
modified methods of transmission will be required before 50,000 
or 60,000 volts can be employed for distances up to 150 or 200 
miles. 
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The lower 1500 feet of the pipe line of the 
Blue Lakes Plant was manufactured by the 


NATIONAL TUBE WORKS CO. 


Standard Steam, Gas, and Water Pipe 
Manufacturers of Special Flanged Pipe for Compressed Air 
RR Locomotive and Stationary Boiler Tubes 

Pump Columns for Mines » » « « x 
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Special Light Lap-Welded Pipe, Fitted with the Converse Patent Lock Joint for Water and Gas,Mains 
Cylinders with Dished or Flat Heads for Carbonic Acid and Other Gases 








HMM 


DUNHAM, CARRIGAN & HAYDEN CO. 


PACIFIC COAST AGENTS 
17-19 BEALE STREET SAN FRANCISCO, CAL. 
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Westinghouse Electric and Manufacturing Company 


paee BRS Paar PITTSBU RCH, PA. 





Manufacturers of Standard Systems for Electric Light and Power Distribution in 
Cities, Factories, Mills and Mines. 


The Tesla Polyphase Alternating System of Electrical Transmission by which Power, Incandes- 
cent and Are Lighting may be supplied from the Same Circuit. 


The Westinghouse Electric Railway System, which is the Most Durable, Economical and 
Efficient on the Market. 


NEW YORK: 120 monatmey- PITTSBURGH: Westinghouse Building. CHARLOTTE, N. C.: 36-38 College Street. 
BOSTON: Exchange Building. BUFFALO: Erie County Bank Building. SYRACUSE. N. Y.: Bastable Building. 
CHICAGO: New York Life Building. PHILADELPHIA: Girard Building. SAN FRANCISCO: Mills Building. 
TACOMA, WASH.: 102 S. Tenth Street. ST. LOUIS: 1130 Guaranty Building. WASHINGTON, D. C.: 1333 F Street, N. 
ATLANTA, GA.: Equitable Building. 
Westinghouse Electric ahs Ltd., 32 Victoria St., London, S. W., England; 32 Ave. ~94 Som, Paris, France. 
ANADA Address: AHEARN & SOPER, OTTAWA, CANA 





General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


For LIGHTING, POWER AND RAILWAY PURPOSES, 


LONG DISTANCE POWER TRANSMISSION. 
PACIFIC COAST OFFICE, 15 First Street - i a - - San Francisco, Cal. 
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We Sell 


Mica Insulator Co.’s -:: 


Akron Smoking Pipe 


Interior Conduit and 
Insulation Co.’s °° 


American Carbon Co.’s 


Jno. A. Roblings Sons 


Fisher & Cramphorn 
Anchor Electric Co.’s 
Westinghouse 2 oad Sek se a abc 
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India and Amber Mica, cut and un- 


cut. “MICANITE.” 


TUBES, and INSULATORS. 


Lundell MOTORS and GEN- 
ERATORS. 


High Grade CARBONS. 


Rubber Covered Wire INCAN- 
DESCENT LAMP CORD, 
Weather-Proof WIRE. 


High-grade KNIFE SWITCHES 
SWITCHES, SOCKETS, Etc. 


Alternating Current GENERA- 
TORS and MOTORS, and 
FAN MOTORS. 


eawreen’ AND A FULL LINE OF...... 


Incandescent Lamps, Specialties, Arc Lamps, Conduit, Batteries, Tele- 
phones, Brackets, Pins, and all material necessary for the erection and 
maintenance of Electric Light Plants. 





WRITE FOR PRICES. 





BROOKS - FOLLIS ELECTRIC CORPORATION, 


SAN FRANCISCO, CAL. 
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CARBONS 


LEAD ALL 
im @WITERS 


Quality Best 
Prices Lowest 











Stock Largest 
Shipments Promptest 


AMERICAN CARBON CO. 


San Francisco, California, 





— ANI) —— 


NOBLESVILLE, = = INDIANA 
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PRICE, ONLY $7.50 
NEAT AND COMPACT# 





Carbon Cylinder Batteries 


FIRST GRADE, 
Both as to Quality and Price 








ee a = a 
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Laclede Battery Co. 


SAN FRANCISCO, CAL. 





M—i—¢. 
Insulating 
Compound 





Pleasant Odor Quick Dryer 
Perfect Insulator 





SKE ND FOR SA MPL E 


Y NITE Cloth, Paper, Segments, Plates, Rings, Cylinders. 
MICA Special Forms and Shapes Made to Order. 


Empire Cloth and Paper are perfect insulators for transformers 








coils, etc. 


Cut and uncut India and Amber Mica. 


MICA INSULATOR GU) "Sexo... 
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CALIFORNIA KLEcTRIcAL Works 


409 MARKET ST., - - San Francisco, Cal. 








AGENTS FOR 


Western Electric Go.’s Are and Incandescent Machinery, 
Warren Alternating Current Dynamos, 





Wagner Transformers,  Kerite Wire, Helios Lamps, © Buckeye Lamps. 








THE WARREN ALTERNATOR. ELECTRICAL SUPPLIES OF EVERY DESCRIPTION. 





New Yor« INSULATED Wire Co. 


—i— SOLE MANUFACTURERS OF —— 


Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 


~~" 





oo 





WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 
TRADE maRK. J- R. COLE, Sales Agent——_ 115 New Montgomery St. san FRANCISCO 


on electrical subjects mailed to any address in the world, POSTAGE PREPAID, on 
receipt of price. Address, THE JOURNAL OF ELECTRICITY, 
Station M, SAN FRANCISCO, CAL. 
A. E. Brooke Ridley 




















Siemens & Halske Electric Co. 
Chloride Storage Batteries 
Manhattan Enclosed Arc Lamps 
Wimshurst-Holtz Static Machines 





APPARATUS FOR MEDICAL USE 


CONSULTING AND CONTRACTING ENGINEER FOR COMPLETE 
STEAM AND ELECTRIC PLANTS 


222 MARKET STREET and 10 FRONT STREET 
SAN FRANCISCO - - - - = CALIFORNIA 
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WHO SAID CONDUIT? 


Nearly 20,000 feet of American Cir- 
cular Loom Oo.’s Flexible Conduit in all 
SIZ@S. 





This Is Positively the Best Conduit on the Market. 


ALSO: 


Fifteen Thousand pieces of Brass 
Armored Conduit | 


ELBOWS, 
CONNECTORS, 
OFFSETS and 
JUNCTION BOXES 


All New and For Sale at a Low — for Cash. 


California Electrical Supply and Construction Co. 


1145 Market Street, San Francisco. 




















THE JOURNAL wed RACY. 


Locke s Triple Petticoat Chin Insulator 


Which stood the severe test of the great Cataract Construction 

on lines between Niagara Falls and Buffalo, November 26th, in 

the heavy rainstorm, when all other insulators broke Cown. 
The material in these Insulators is guaranteed to give 
Satisfaction at any voltage required in practical use, 





GLASS INSULATORS FOR ANY POTENTIAL 
Manufactured by Fred M. Locke, Victor, N. Y. 


JOHN MARTIN, Pacific Coast Agent, 


300 California Street, : - - San Francisco, Cal. 








mitated often Never excelled 
Insulating Tape 
‘et AL e Armature Varnish 
Electrical Compound 











MANUFACTURED ONLY BY 


PARAFFINE PAINT CO. 


524 So. Broadway, Los Angeles 116 Battery Street, San Francisco 


Keating Bicycles THE PELTON SYSTEM OF POWER 


Represents the highest development yet attained in water 
wheel practice, and affords the most simple, efficient 
and economical means of utulizing 
water for power purposes. 


SEVEN THOUSAND WHEELS NOW RUNNING, 


Aggregating over 400,000 horse power. Adaption made to all 
‘conditions and every variety of service. 


ELECTRIC POWER TRANSMISSION 


PELTON WHEELS are the recognized standard for electrical 
work and are running a majority of the stations 

of this character in all parts 

} of the world. 








| **365 DAYS AHEAD OF THEM ALL.” 











— Sai tinal — 


Catalogues furnished upon application. Address, 


THE PELTON WATER WHEEL CO. 


121 Main Street, SAN FRANCISCO, CAL. 


A. Grothwell, 


Sole Manufacturer... 





“SEE THAT CURVE? 

The giant strength of the KEATING, the lightest practi- 
cal road wheel made, is evidence of perfection in design, mater- 
ials and workmanship. 

THE FRAME IS RIGID. 

THE SWAY MOTION IS NOT THERE. 





Keating riders recognize the exquisite glide that is exclu- or iglaed fo y he ees Erocervetive Point J 
sively Keating, as well as the elegance of the silent double A cane \ 4 Waterproof Roofing . 
roller chain. 3 Bui:ding Papers. 


pT Lm proot Pile 
Cove eee 


Send for Catalogue We want active dealers. 
Pisae | Lining : eee 


KEATING WHEEL COMPANY, 
MIDDLETOWN, CONN. :26 Dontsomery St., - San Francisco, Cal. 
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IS YOUR ENGINE OVERLOADED? 


Perhaps a 125 h. p. “IDEAL” would be just what is re- 
quired. If so, we can deliver such in first-class condition, f. o. b. 
San Francisco, including two fly-wheels, Ide governor and all 
parts newly renovated and repainted, complete for 


Ores sear i ctictuemnnumaaien 


H. Pp. 
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$950.00 — 


This engine has been in service at the Benicia, Cal., Electric Light Works for about a year, 
where it carried but approximately 50 h. p., and has lately been replaced by a 65 h. p. ‘‘IDEAL”’ engine. 


It is a 14x14 simple engine, running at from 250 to 275 revolutions per minute, and weighing 
about 12,000 pounds. The Benicia Electric Light Company can attest the light service it has been put 
to, and its present excellent condition 


This offer means that a 125 h. p. “IDEAL’”’ engine in prime condition, can be bought at the 
price of an ordinary engine of one half its capacity. 


We have overhauled the engine at our works and offer it for sale at this very low figure with 
the knowledge that it is in strictly first-class condition and fully worthy of the guarantee that it is the 
peer of any engine of the simple high speed class. 





For sale by and may be examined at the Works of the 


ABNER DOBLE COMPANY, 
Fremont and Howard Streets, SAN FRANCISCO 
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Alternating Currents 


y AND 


Alternating Current Machinery. 


’ 


BY 


; 


isco. 


DUGALD C. JACKSON, C.E., 


Professor of Electrical Engineering in the University of Wisconsin ;-Member of the 
American Society of Mechanical Engineers, the American 
Institule of Electrical Engineers, ete. ; 


AND 


JOHN P. JACKSON, M.E.; 


Professor of Electrical Engineering in thé Pennsylvania State College; Member 
of the American Institute of Electrical Engineers, etc. 


A. 


j2mo. Cloth. pp. xvii+ 729. Price $3.50, net. 


S AND 10 PINE STREET. 





COMMENTS. 
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# 


THE JOURNAL OF ELECTRICITY. 


“Tt appears to be a.very valuable work, and I have no doubt it will be thoroughly 
appreciated by practical electrical engineers as well as instructors,” — RALPH W. Pork, 
Secretary Amer. Inst. of Elec, Engineers, 
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IRON, STEEL & COPPER WIRE 


—DRAWERS OF—— 


oo 


“T like the way imwhich-they. develop their theory and make practical applications. 
I feel sure that the book will receive a hearty welcome,” —GEORGE W, PATTERSON, JR., 
Asst. Prof. of Physics, University of Michigan. 


co Office and Warehouse, 


AND MANUFACTURERS OF 


XELECTRICAL WIRES» 


PURPOSES. 


Works at Worcester, Mass., Waukegan, Ill., and San Francisco, Cala. 


neis 


“ We believe this is the only text-book on the subject worthy of the name; and. it is, 
in our opinion, a matter of congratulation: that the student has-at hand at last some- 
thing adapted to his needs.” — 7he Electrical Engineer, New York. 


ELECTRIC RAILWAY, 
ELECTRIC LIGHTING and 


TELEPHONE, 
TELEGRAPH, 


*T have taken oecasion to read. with,some care the work on ‘ Alternating Currents 
and Alternating. Current. Machinery ’ by Dugald C, and J.’P. Jackson. Tt better fulfils, 
I think, the requirements of a text-book for students in electrical engineering than any 
work with which I am acquainted. I find especially valuable the chapters devoted to 
the discussion of different arrangements of resistance, capacity, and inductance in cir- 
cuits, both sertes and parallel, matter which-in this-work is most cléarly treated. 

“Then, too, I conceive it to be a matter .of considerable consequence that some dis- 
cussion be given of the use of complex quantities in alternating current problems as is 
here done; +, . : 

“The. general appearance .of the work is excellent. I am using it with my fourth- 
year students in. electrical engineering, who find it a most helpfil work.” 

H. E. Cuirrorp, S.B., 45st. Prof, of Theoretical Lhysics, Mass, Inst. of Tech. Boston. 


Pacific Coast Agent. 


San Fra 
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WICSESCSCSESOVEVESCSESESENE FIOOOOCL 


TRENTON, N. J. 





Bare and Insulated Copper and Iron Wires 
Of Every Description and for All Purposes 


SUBMARINE ARMORED AND LEAD. ENCASED GABLES 


~ Rubber Covereil Wire and Cables, Aerial afid Underground 


WIRE ROPE 


For Hoisting, Logging, Shipping, Tramways, Elevators, etc. 





Cable and Strand for Street Railways, Guys, etc. 


PLAT STRAND WIRE ROPE and ‘HERCULES ” WIRE ROPE 


WIRE CLOTH AND NETTING 
Rosbling’s Patent Fire Proof Stiffened Wire Lathing 
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* SOLE AGENTS PACIFIC COAST FOR | 


‘IMPERIAL. HIGH POTENTIAL PORCELAIN IN SULATORS 


; Thoroughly, miecifigd and Homogeneoys Throughout 


Guaranteed to stand without puncturing a salt water test of 40,000 volts 


Ae 


Every Insulator Tested. Send for Circular: 





RaW JERSEY WIRE CLOTH CoO. 
WEST COAST WIRE AND IRQN WORKS 


25 and 27 Fiemai Street 


KOMP OMOORGS oO WOPELO OE EPO OAD POLILOLOOOGSOS 


VLIGVOVQVOVVVDOVOVVIOBVYPVGVPGPIOBVPBY 


Sani Francisco, Cal. 


SOLS SSSI YIN CIN INICIO CIO ICT 


JOHN A. ROEBLING’S SONS CO. 
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Vou Vi No, 


WESTON 


*  - 114-120 William 8t., 
NEWARK - - - W.d., U.S.A. 


Weston Standard Portable Direct- 
Keading 
VOLTMETERS, . MILLIVOLTMETERS, 
VOLTAMMETERS, AMMETERS, 
MILLIAMMETERS, GROUND DETECTORS and 
CIRCUIT TESTERS, OHMMETERS. 


oe 








Our Portable Instruments are recognized as the 
i STANDARD. the world over.. The SEMI-PORT- 

— ABLE LABORATORY STANDARDS are stil! 
better Our STATION VOLTMETERS and AM- 
METERS are unsurpassed in point of extreme ac- 
curacy and lowest consumption of energy. 





PORTABLE GALVANO- 
. METER. 


“ae gdraulre Problems. 


AN cages REVIEW OF THE -TNDUSTRIAL APPLICATIONS OF ELECTRICITY, Gas AND POWER. 


SAN Francisco, NovEeMBER, 1897. 


ELECTRICAL 1 INSTRUMENT C0., 





gainst Di ge ng. 


YEARLY SUBSCRIPTION. $1.00 
SINGLE COPIES, - - 10 cents 





i889 1893 
Paris Exposition WORLD’S FAIR 
Niedat for Medal for 
Rubber Insulation Rubber Insulation 


_ Sole Manufacturers of 
Okonite Tape, Manson Tape, 
Candee Weather-proof Wires. 


THE OKONITE CO., Ltd. 


Willard L, Candee 

H. Durant Cheever } Managers 
Geo. T, Manson. Gen’! Supt. 

W. H. Hodgins, Séo'y 


253 Broadway, 
NEW YORK 




















GENERATORS AND MOTORS FOR ELECTRIC LIGHT AND POWER 


- Siemens & Halske Electric Company of America- 


MANHATTAN ARC LAMP: Life of 12-inch Carbon, 150 Hours; Current, 5 i aye 2000 Candle Power 
~ Noy 10 Front Street, San Francisco, California BROOKE-RIDLEY, Agent 


SPECIAL ‘se 


| 0,000 THOMSON-HOUSTON KEY SOGKETS, 
eae 0,000 WESTINGHOUSE = ®t 












cS, AT. 


$9.00 per 100 
$9.00 per 100 









. Pp oo ee Terms: Cash with. order Quality guaranteed 
= Brooks-Follis Electric Corporation 
ae ae , : 3 523-525 Mission Street, San Francisco, Cal. 






When writing advertisers kindly mention ‘The Journal of Electricity.” 





fi : “THE JOURNAL. OF ELECTRICITY. 


. THE ‘SUPPLY HOUSE - 


OF THE 


. Portland General Electric Company :- 


CARRIES EVERYTHING NECESSARY FOR THE 


Installation, Cabcation and Maintenance 


NE Stee 


Electric Lighting and Power Plants. 


The Only fully Equipped SUPPLY House in the Pacific Northwest. 


setting Pra PORTLAND GENERAL ELECTRIC COMPANY, 


PORTLAND, OREGON. 





as THE S. K. C. TWO - PHASE a. ©. SYSTEM. -:- 
NO MOVING WIRE. 


The First and Only Complete and Perfected System by which Light,and Power can be Supplied 
from the Samé Generator and Circuits. Power Transmission and Distribution 
- ; made Practical and Commercially Successful. | 


ee. 





POINTS ‘OF ‘SUPERIORITY: 


Our system is much more sihidens and cutest mich more durable than any sities: either direct or alternating. 

Our generator is much more efficient than any other alternator, requires less attention and absolutely no supplies except 
lubricant for bearings: 

It is practically alee ¢ without the loss of energy involved by igeetpoundiog or compensating. Other multi-phase 
machinery require a balance of 

We have entirely eliminated ‘from our’ generators the usual. sources of trouble, expense and interruption of service; i.e.: 
he revolving armature, commutator, collector rings, brushes, etc. 

“They can be ~_ eg rig voltage from 110 for isolating lighting to the’ high voltages required for power teisiaidion work, 
in latter case doing aw ¢@ expense and loss of step-up. transformers; the usual central station machine can be connected 
at will for either 1,000 4 F000 volts. 

Our transformers cemteu satisfactory sor viae’ are the greatest economy. We: are prepared to fill all orders promyae: 


JOHN MARTIN, PACIFIC COAST “AGENT, 300 iin STREET, 
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FEED-WATER PURIFIER 


SOME PACIFIC. COAST USERS 


Giant Powder Company. 

Jvbn Wieland’s Brewing Company. 
Oakland Gas Light and Heat Company. 
Aleitraz Aspha’t Company. 

San Francisco Gas and Electric Co. 
Vacaville Water and Light Company. 
Castle & Cook Light, Honolulu. 


THE JOURNAL OF ELECTRICITY. 


HOPPES 


LIVE STEAM 
FEED-WATER 


PURIFIERS 


Are guaranteed to keep Boilers clean and free from 
seale. Are fitted with trough-shaped pans, made 
from hard sheet steel, that are easily cleaned. 

NEW CATALOGUE (A) FREE. 


CHAS. G. MOORE & CO. 
ENGINEERS 
And Dealersin High Grade Machinery 


32 FIRST ST., San Francisco 





BOSTON. MASS.8 OLIVER ST::: PHILADELPHIA PA 32N 5ST: CHICAGO AL 910 


Eo NEWORLEANS,LA.S/ CARONDELET ST SIN FRANCISCO CAL SAN FRANCISCO TOOL CO 





PLE CINCINWATI.O. 405 NEAVER 


SWICO'CO: 


AVE CAC AUADA 
HAVANA CUBA.II6 >CALLEDELAHABANA. <“"*" 


A new edition of the celebrated volume ‘* STEAM” has just been issued, and will 
be mailed free on application to the BABCOCK & WILCOX CO., 32 First St., 


San Francisco. Send for it. 
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STATION ECONOMICS A SPECIALTY. 
421 Market Street - - San Francisco 


W. STUART-SMITH 
MECHANICAL AND ELECTRICAL 


om— ENGINEER 


Room 26, Sheldon Bldg., San Francisco 














EDUCATIONAL. 


HEALD’S ——— 
BUSINESS COLLEGE 


AND 


ENGINEERING 
SCHOOL OF 
The Theory and Practice 


of Elee‘ri al Engineering are 
Thoroughly ‘laught in its 








Electrical Engineering Department 
ORION BROOKS, Inslructor 
24 Post Street 


SCHOOL OF 
Practical Electrical, 
Civil, Mining and 
Mechan‘cal Engineering, 


Surveying, Drawing, 
Architecture and Assaying 


No. 723 Market Street 
SAN FRANCISCO 


ESTABLISHED 1864 


A. VAN DER NAILLEN, 


@@™ Send for Circulars Presi: e:t 


San Francisco 








16 oz. to 1 Ib. Gold, Silver or Currency buys the 


best Seales made at lowest prices. 


Don’t be humbugzed by Acents of 
U. S. Standard a Trust, Buy of the Manufacturers. 
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Hundreds of Specialties at less than Wholesale prices. viz: 
Sewing Machines, Bicyeles, Organs, Pianos, Cider Mills, » 
Carriages, Carts, Bugzies, Harness, Safes, ills, 
Letter Presses, Jack Serews, Trucks, Anvils, Hay Cutters, 
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Send for free Catalogue and see how to Save Money. 
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I am most we 74 , f, 


Chief of Elec Const Div. 


your Lamp merits. 








MANUFACTURED BY 


PURITAN ELECTRIC CO. 
A. E. BROOKE RIDLEY, ACENT 


No. 10 Front Street San Francisco, Cal. 





THE TOURNAL OF ELECTRICITY. Vil 


CALIFORNIA KigcTRIcAL Works 


409 MARKET ST., . - San Francisco, Cal. 
AGENTS FOR 


Western Electric Go.’s Arc and Incandescent Machinery, 
Warren Alternating Current Dynamos, 





Wagner Transformers, Kerite Wire, Helios Lamps, Buckeye Lamps. 








THE WARREN ALTERNATOR. ELECTRIC L SUPPLIES OF EVERY DESCRIPTION. 





New York INsuLatep Wire Co. 


—i- SOLE MANUFACTURERS OF —i— 


Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 





a ee 


ATT WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 
TRADE MARK. J- R. COLE, Sales Agent——_ 115 New Montgomery St. san FRANCISCO 


y on e'ectrical subjects mailed to any address in the world, POSTAGE PREPAID, on 
. receipt of price. Address, THE JOURNAL OF ELECTRICITY, 
Station M, SAN FRANCISCO, CAL. 


General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


For LIGHTING, POWER AND RAILWAY PURPOSES, 
LONG DISTANCE POWER TRANSMISSION, 














PACIFIC COAST OFFICE, Clause Spreckels Building, - . . San Francisco, Cal. 





Westinghouse Electric and Manufacturing Company 


PITTSBURCH, PA. 


Manufacturers of Standard Systems for Electrie Light and Power Distribution in 
Cities, Factories, Mills and Mines. 
The Tesla Polyphase Alternating System of Electrical Transmission by which Power, Incandes- 
cent and Are Lighting may be supplied from the Same Circuit. 


The Westinghouse Electric Railway System, which is the Most Durable, Economical and 
Efficient on the Market. 


NEW YORK: 18 Broadway. PITTSBURGH: Westinghouse Building. py te LN. C.: : 36-38 College Street 






: E Building. BUF FALO: Erie rey Bank Building. SYRACUSE. Y.: Bastable Building. 
GRIGAGO: New York Life Building. rt Girard Building. SAN FRANC 1500: “Mills Building. 
TACOMA, WASH.: 1 S. Tenth Street. bs j ty peticing- WASHINGTON, D. C.: 1333 F Street, N. 

“A e ing. 
Westinghouse Electric Dybw. & BS eS W., England; 32 Ave. de I’ Opera, Paris, France. 
DA Add SOPER, QTTAWA, CANADA. 











THE JOURNAL OF ELECTRICITY. 


wid —_ CONDUIT? 


Nearly 20,000 feet of American Cir. 
cular Loom Co.s Flexible Conduit in all 
SIZ@S. : 


This Is Positively the Best Conduit on the Market. 


ALSO: 


Fifteen Thousand pieces of Brass 
Armored Conduit 


ELBOWS, 
CONNECTORS, 
OFFSETS and 
JUNCTION BOXES 


All New and For Sale at a Low mere for Cash. 


California Electrical Supply and Construction U0. 


1145 Market Street, San Francisco. 























THE JOURNAL OF ELECTRICITY. ix 








Locke S Triple Petticoat China Insulator 


Which stood the severe test of the great Cataract Construction 
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the heavy rainstorm, when all other insulators broke cown. 


The material in these Insulators is guaranteed to give 
satisfaction at any voltage required in practical use. 


GLASS INSULATORS FOR ANY POTENTIAL 
Manufactured by Fred M Locke, Victor, N. Y. 
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Alternating Currents 


AND 


Alternating Current Machinery. 


BY 


DUGALD C. JACKSON, C.E., 


Professor of Electrical Engineering in the University of Wisconsin; Member of the 
American Society of Mechanical Engineers, the American 
Institute of Electrical Engineers, etc. ; 


AND 


JOHN P. JACKSON, M.E., 


Professor of Electrical Engineering in the Pennsylvania State College; Member 
of the American Institute of Electrical Engineers, etc, 


Ss bet ipl A BD) bs PIES EA 


iz2mo. Cloth. pp. xvii+ 720. Price $3.50, net. 


COMMENTS. 
“ It appears to be a very valuable work, and I have no doubt it will be thoroughly 
appreciated by practical electrical engineers as well as instructors.” — RALPH W. Pope, 
Secretary Amer. Inst. of Elec, Engineers. 


“T like the way in which they develop their theory and make practical applications. 
I feel sure that the book will receive a hearty welcome.” — GEORGE W, PATTERSON, JR., 
Asst. Prof. of Physics, University of Michigan. 





“ We believe this is the only text-book on the subject worthy of the name; and it is, 
in our opinion, a matter of congratulation that the student has at hand at last some- 
thing adapted to his needs.” — 7%e Electrical Engineer, New York. 


Address JOURNAL OF ELECTRICITY, Sta. “M,” San Francisco. 
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silk 


cloth, 6 by 8} inches, weight 2} lbs 
each. The four books form a library 


by themselves. 


“T have taken occasion to read with some care the work on ‘ Alternating Currents 
and Alternating Current Machinery’ by Dugald C. and J. P. Jackson. It better fulfils, 
I think, the requirements of a text-book for students in electrical engineering than any 
work with which I am acquainted. I find especially valuable the chapters devoted to 
the discussion of different arrangements of resistance, capacity, and inductance in cir- 
cuits, both series and parallel, matter which in this work is most clearly treated. 

“ Then, too, I conceive it to be a matter of considerable consequence that some dis- 
cussion be given of the use of complex quantities in alternating current problems as is 
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here done. . 

“The general appearance of the work is excellent. I am using it with my fourth- 
year students in electrical engineering, who find it a most helpful work.” 

H. E, CLirrorp, S.B., Asst. Prof. of Theoretical ’hysics, Mass. Inst. of Tech. Boston. 
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This set of books, or any one of 
them, will be mailed to anyone on re- 


The ‘* New Catechism of Electricity’’ 
ceipt of price. 


is bound in red leather, pocket book 
form, with title and edges in gold. ‘The 


By Mail Post Paid on Receipt of Price by THE JOURNAL OF ELECTRICITY, San Francisco. 
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A Book 
Simplified 
For All. 


The book for those who want to know 
*ALL ABOUT ELECTRICITY.” 
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Price, $2.00, post free, by 


THE. JOURNAL OF ELECTRICITY, Station M, San Francisco. 
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which are found in noother Typewriter. 
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@@- Write for Nlustrated Catalogue. 
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Perhaps a 125 h. p. “IDEAL” would be just what is re- 
quired. If-so, we can deliver such in first-class condition, f. 0. b. 
San Francisco, ineluding two fiy-wheels, Ide governor and all 
parts agers renovated and repainted, complete fot 


$950.00 


This “agin has been in service at the Benicia, Cal., Electric Light Works. for about a year, 
where it carried but =i samen 50 h. ps, and has lately beem replaced by a 65 h, p. “IDEAL” engine. 


it is a 14x14 siigple. ‘engine, running at from 250 to 275 revolutions per minute, and weighing 
about 12,000 pounds, — “phe Benicia Electric Light Comipany can attest the light service it has been put 
to, and its present ane a3 condition 


This “offer meays that a 125 h. p. “IDEAL” engine 7 sen condition, can be bought’ at the 
price of an ordinary engine of one half its capacity. 


We have overhapled the engine at-our works and offer. is. for sale at this yery low figure with 
the knowledge that it ig in-strictly first-class condition and fully worthy of the guarantee that it is the 
peer of any engine of tpe simple high speed class. 


For sale by ang may be examined at the Works of the 


ABNER DOBLE COMPANY, : 
Fremont and Howard: Streets, SAN FRANCISCO 
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Westinghouse Lightning Arrester is the only sure protector for electric plant. 


Wurts. The wu is important. Remember that. Wares 
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mre "* ~~ perfect. Nothing less. Westinghouse Electric. 
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4 Westinghouse New York, Boston, Chicago, Philadelphia, St. Lowis, San FranciscosBuifalo, Syracuse, Atlanta, Tacoma. 
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- Portland General Electric Company 


CARRIES EVERYTHING NECESSARY FOR THE 
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Electric Lighting and Power Plants. 


The Only fully Equipped SUPPLY House in the Pacific Northwest. 
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-- THE S. K. C. TWO- PHASE 4. C. SYSTEM. 
NO MOVING WIRE. 
The First and Only Complete.and Perfected System by which Light and Power can be Supplied 


from the Same Generator and Circuits. Power Transmission and Distribution 
made Practical and Commercially Successful. 





POINTS OF SUPERIORITY: 


-Our system is much more simple and consequently much more durable than any other, either director alternating. 

' Qur generator is much more efficient than any other alternator, requires less attention and absolutely no supplies except 
lubricant for bearings. 

It is practically self-regulating without the loss of energy involved by compounding or compensating. Other multi-phase 
machinery require a balance of load. 

We have entirely eliminated from our generators the usual sources of trouble, expense and interruption of service; i. e. 
he revolving armature, commutator, collector rings, brushes, etc. 

They can be built for any voltage from 110 for isolating lighting to the high voltages required for power transmision work, 
in latter case doing away with the expense and loss of step-up transformers; the usual central station machine can be connected 
at will for either 1,000 or 2,000 volts. 

Our transformers insure satisfactory service and the greatest economy. We are prepared to fill all orders promptly. 


300 CALIFORNIA STREET, 
JOHN MARTIN, raciric coast acenr, oe 
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SOME PACIFIC COAST USERS 


Giant Powder Company. 

John Wieland’s Brewing Company. 
Oakland Gas Light and Heat Company. 
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Are guaranteed to keep Boilers clean and free from 
scale. Are fitted with trough-shaped pans, made 
from hard sheet steel, that are easily cleaned. 

NEW CATALOGUE (A) FREE. 


CHAS. G. MOORE & 60. 


ENGINEERS 


And Dealers in High Grade Machinery 


32 FIRST ST., San Francisco 





A new edition of the celebrated volume ‘‘ STEAM” has just been issued, and will 
be mailed free on application to the BABCOCK & WILCOX CO., 32 First St., 


San Francisco. Send for it. 





ADVERTISERS’ 


Abner Doble Co.. .. . 
Alexander & Bro., Leo E 
American Machine Co 


Babcock & Wilcox.. ; 
Brooks-Follis Electric Osepotetion.. 


California Electrical Supply and Con- 
struction Co 

California Electrical Works.......... vi 

Chicago Scale Co.................... iii 

Cobb & Hesselmeyer 


Dunham, Carrigan & Hayden Co 
Grothwell, A 

General Electric Co.................. 
Heald’s School of Engineering 
Imperial Porcelain Works 

Keating Wheel Co 

Laclede Battery Co 

Leffel & Co., The James.... .. ...... 
Locke, Fred M 

Martin, John 

Mica Insulator Co 


INDEX. 


Moore & Co., Chas. C 

National Tube Works Co.............. 
N. Y. Insulated Wire Co., The 
Okonite Company, Ltd., The.. .. 
Pacific Electric Co : 
Paraffine Paint Company, The.. .. 
Pelton Water Wheel Company...... vii 
Portland General Elec. Co.. .........ii 
Ridley, A. E. Brooke.. .... .. 
Roebling’s Sons’ Co., John A 
Siemens-Halske Elec. Co 

Sprout, BE. E. Sydmey.... .. ..... 
Stanley Electric M’f’g Co............ii 
Stuart Smith, E. E., M. E, W 

Union Lumber Co 

Van der Nailen School of Electricity .iii 
Want Advertisements .... .. y 
Washburn & Moen M’f’g Co 
Westinghouse Electric & M’f’g Co.. vii 
Weston Electrical Instrument Co 





PROFESSIONAL. 


~ COBB & HESSELMEYER 


MECHANICAL ENGINEERS 
42\ Market St., Cor. First St. 


Telephone “ Black 2403” Rooms 70-71 
San Francisco, Cal. 


SIDNEY SPROUT 3 
SUPERVISING Filectrical Eno ineer 


STATION ECONOMICS A SPECIALTY. 
421 Market Street - - San Francisco 


W. STUART-SMITH 
MECHANICAL AND ELECTRICAL 


o— ENGINEER 


Room 26, Sheldon Blidg., San Francisco 














EDUC A T IONAL. 


HEALD’S 
BUSINESS COLLEGE 


——AND—— 


SCHOOL OF 
ENGINEERING 


The Theory and Practice 
of Electrical Engineering are 
Thoroughly Taught in its 





<= 





Electrical Engineering Department 
ORION BROOKS, Inslructor 
24 Post Street San Francisco 


SCHOOL OF 


Practical Electrical, 


Civil, Mining and 
Mechanical Engineering, 
Surveying, Drawing, 
Architecture and Assaying 


No. 723 Market Street 
SAN FRANCISCO 


ESTABLISHED 1864 


A. VAN DER NAILLEN, 


@@™ Send for Circulars Presicer.t 








Gold, Silver or Currency buys the 
best Seales made at lowest prices. 
Dou’t be humbugged by Agents of 
a Trust, Buy of the Manufacturers. 


16 oz. to 1 Ib. 


U.S. Standard 


than Wholesale prices. viz: 
aoe Pianos, Cider Mills, 
Harness, Safes, Rone Mills, 
Tracks, Anvils, Hay Cutters, 
Rtoves, Drills, Road Plows, 
Forges, Lathes, umes arts, 
le Hand (arts, Engines, Tools, re Fenee, 

Secning iilie Crow Bars, ‘y Boilers, Watches, Clothing &e. 
Hay. Stock, Elevator, Railroad, Platform and Counter SCALES 

* "Send for free € atalogue and see how te Save Money. 

Wi 8. Jefferson St. CHICAGO SCALE CO., Chicago, IL 


Letter P: esses, 
Press Stands, 


Lawn Mowers, Coffee Mills, 














THE ait cial OF ELECTRICITY. 








%—DL IRING . 4e07—8 


THE lot gg ig 
Ps Se INSTALLATION Neg are 


Doble Water Wheels 


IN TEN DIfFERENT PLANTS WAS 


6000 HORSE POWER 








DOBLE WH seal IN THE BLUE LAKES POWER PLANT. 


WE HAVE THE LATEST: ‘AND THE BEST TANGENTIAL WHEEL MADE 


*>>Write ‘Us for Further Informations 


ABNER DOBLE COMPANY, 


engineers... 
FREMONT AND le oor is STREETS, 








SAN FRANCISCO. 








JOURNAL OF ELECTRICITY. v 











[ae Paciric Coast 


FLECTRIC TRANSMISSION ASSOCIATION 


has selected ‘‘The Journal of Electricity” as the 


OFFICIAL ORCAN 


FOR THE EXCLUSIVE PUBLICATION OF ITS 
PAPERS AND DISCUSSIONS. 


NEW ADVERTISEMENTS. 


REDWOOD POLES 


For TELEGRAPH 
TELEPHONE 
ELECTRIC LIGHT 
POWER PLANTS 

In Lots and Sizes to Suit at Short Notice. 


Union Lumber Company 


‘PHONE “FRONT 62,” 
124 CALIFORNIA S§8T., 8. F., UAL. 








BUYERS’ DIRECTORY. 


ARC LAMPS 
Abner Doble Co. 


| 


INSULATING COMPOUND 
Brooks-Follis Electric Co. 


AMERICAN MACHINE (0. 


CHICAGO, ILLINOIS. 
MANUFACTURERS AND DEALERS IN 


Brooks-Follis Electric Co. A. Grothweli 
General Electric Co. New York Insulated Wire Co SEWING MACHINES, BICYCLES, &c 
Westinghouse Electric and Mfg. Co. Paraffine Paint Co. Finest finished and most per- 


BATTERIES 
Brooks-Follis Electrical Corporation 
California Electrical Works 
Laclede bag ig Co. 


Ridley, A. E. Brooke Instructions for working the i 
| MECHANICAL ENGINEE same. Only the Best Material us- 2% 
BICYCLES ed and most experienced work- ij 


Keating Wheel Co. 


BOOKS AND PUBLICATIONS 
The Journal of Electricity 


CONSTRUCTING ENGINEERS 


Abner Doble Co. 
John Martin 
Merriam Co., G. & C. 


DYNAMOS AND MOTORS 


Abner Doble Co 

Brooks-Follis Electric Co. 
California Electrical Works. 
General Electric Co. 

Jchn Martin 

Ridley, A. E. Brooke. 
Portland General Electric Co. 


Westinghouse Electric and Mfg Co. Abner Doble Co. constant current to the constant potential system, 
STEAM BOILERS we offer the following second-hand apparatus for : 
EDUCATIONAL The Babcock & Wilcox Co. sale at the prices given. ; 


Heald’s Business College. 

Van der Naillen’s School of Electricity 
ELECTRICAL ENGINEERS 

Sidney Sprout 

W. Stuart Smith 
ELECTRICAL SUPPLIES 


Brooks-Follis Electric Co. 
California Electrical Works 
General Electric Co. 


| 


Imperial Porcelain Works 


LINE MATERIAL 


Fred M. Locke 
Mica Insuiator Co. 


Cobb & Hesselmeyer. 
W. Stuart Smith 
MECHANICAL SPECIALTI 
Brooks-Follis Electric Co. 
PIPE 
Dunham, Carrigan & Aayden Co. 
National Tube Works 
POLES 
Union Lumber Co. 
POWER TRAY SMISSION 


General Electric Co. 
Stanley Electric Mfg. Co. 
Westinghouse E.ectric and Mfg. Co. 


RAILWAY SUPPLIES 


STEAM SPECIALTIES 
Moore & Co., Chas. C. 
TELEPHONES 
Brooks-Follis Electric Corporation. 
California Electrical Works 
Western Telephone Construction Co. 
TRANSFORMERS 
General Electric Co. 


fect Machine made, with all 
Modern up-to-date Improve- 
ments, including the most at 
tractive Wood-W ork and Latest 
Improved Attachments with full 


men employed. Our Machines 
will out-last any other made giv- 
ing perfect satisfaction to users, 
Bicycles at Cost to Our Customers. 

The New “ PRINCESS” is the favorite Ma- 
chine among women who use them, consequentl 
| ev most called for and profitable for Agents an 

tstohandle. Send for Circulars and Prices 








FOR SALE 
SEWING MACHINE MOTORS, ETC. 


Getns to hives eunngul our service from the 


300 Cleveland 1-12 h. p., 9.6 ampere, Sew- 
ing Machine motors at $3.50 each 


50 Cleveland } h. p., 9.6 ampere bi-polar 
motorsat - - - $7.00 each 
The above prices include starting-box. 


27 ‘*Wood’’ absolute break fire-proof 


bn ET TEI emo 


Ae 


pearance 


Portland General Electric Co. Stanley Electric Mfg. Co. % a 3 

Westinghouse Electric and Mfg Co. Westinghouse Electric and Mfg. Co. switches at - $1.60 each ! 
ENGINES TYPEWRITING SUPPLIES 75 single pole, 25 ampere slate base 1 

Abner Doble Co. Leo E. Alexander & Bro. nesiteiies of + 5 eanteenek i 


Moore & Co., Chas. C. 


INCANDESCENT LAMPS 
Brooks-Follis Electric Co. 
California Electrical Works 
Generz1 Electric Co. 

Westinghouse Electric and Mfg. Co. 


INSTRUMENTS 


California Electrical Works 
General Electric Co. 
Weston Electrical Instrument Co. 


WATER WHEELS 


Jas. Leffel & Co. 
The Pelton Water Wheel Co. 


WIRES AND CABLES 


Brooks-Follis Electric Co. 

California Electrical Works. 

New York Insulated Wire Co. 

The Okonite Co. 

John A. Roebling’s Sons Co 

Washburn & Moen Manufacturing Co. 





SAMSON 
CASCADE 





WATER WHEELS 


ADAPTED TO ALL HEADS FROM 


3 FEET TO 2000 FEET. 


Specially designed and adapted to 


ELECTRIC POWER AND LIGHTING PLANTS. 


reentage and great steadiness of 


The Pacific Electric Motor Company, 


12 Annie Street, San Francisco. 


BOOKS 


on Electrical Subjects mailed to any ad- 
dress, POSTAGE PAID, on 
receipt of price. 








Address 
The Journal of Electricity 


SAN FRANCISCO, CAL. 


a age gy e pe 
PR ay po vi ble loads. An unequaled concentration of power, 
recedented high velocity. Its oa te ion operating bal- 
ced gates, affords prompt and fine regulation governor. Sat- 
where others fail. 
Write for pamphlet of either, stating your wants. 


JAMES LEFFEL & CO., Springfield, Ohio, 0.5.4. 


























THE JOURNAL OF ELECTRICITY. 





General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


Por LIGHTING, POWER AND RAILWAY PURPOSES, 
LONG DISTANCE POWER TRANSMISSION. 


PACIFIC COAST OFFICE, Clause Spreckels Building, - - - San Francisco, Cal. 


Locke's Trile Petticoat China Insulator =| 


Which stood the severe test of the great Cataract Construction 
on lines between Niagara Falls and Buffalo, November 26th, in 
the heavy rainstorm, when all other insulators broke Ccown. 











The material in these Insulators is guaranteed to give 
satisfaction at any voltage required in practical use. 





GLASS INSULATORS FOR ANY POTENTIAL 
Manufactured by Fred M. Locke, Victor, N. Y. 





JOHN MARTIN, Pacific Coast Agent, 


300 California Street, - - San Francisco, Cal. 


A. E. Brooke Ridley 

















Siemens & Halske Electric Co. 
Chloride Storage Batteries 
Manhattan Enclosed Arc Lamps 
Wimshurst-Holtz Static Machines 


APPARATUS FOR MEDICAL USE 


CONSULTING AND CONTRACTING ENGINEER FOR COMPLETE 
STEAM AND ELECTRIC PLANTS 


222 MARKET STREET and 10 FRONT STREET 
FRANCISCO - - - - = - = CALIFORNIA 









SAN 








THE JOURNAL OF ELECTRICITY. vil 


CALIFORNIA ELgcrRicaL Works 


409 MARKET ST., - - San Francisco, Cal. 


AGENTS FOR 


Western Electric Go.’s Arc and Incandescent Machinery, 
Warren Alternating Current Dynamos, 





Wagner Transformers,  Kerite Wire, Helios Lamps, © Buckeye Lamps. 








THE WARREN ALTERNATOR. ELECTRICAL SUPPLIES OF EVERY DESCRIPTION. 





New York INSULATED Wire Co. 


—i- SOLE MANUFACTURERS OF —— 


Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 








Se WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 
TRADE maRK. J- R. COLE, Sales Agent——_ 115 New Montgomery St. san FRANCISCO 


on electrical subjects mailed to any address in the world, POSTAGE PREPAID, on 
receipt of price. Address, THE JOURNAL OF ELECTRICITY, 
Station M, SAN FRANCISCO, CAL. 
Imitated often Never excelled 
Insulating Tape 
& Armature Varnish 
Electrical Compound 

















MANUFACTURED ONLY BY 


PARAFFINE PAINT CO. 


524 So. Broadway, Los Angeles 116 Battery Street, San Francisco 





Westinghouse Electric and Manufacturing Company 


—PITTSBURCH, PA.— 


Manufacturers of Standard Systems for Electric Light and Power Distribution in 
Cities, Factories, Mills and Mines. 
The Tesla Polyphase Alternating System of Electrical Transmission by which Power, Incandes- 
cent and Are Lighting may be supplied from the Same Circuit. 
The Westinghouse Electric Railway System, which is the Most Durable, Economical and 
Efficient on the Market. 


NEW YORK: 120 Broadway. PITTSBURGH: Westinghouse Building. CHARLOTTE, N. C.: 36-38 College Street. 
BOSTON: Exchange Building. BUFFALO: Erie County Bank Building. SYRACUSE. N. Y.: Bastable Building. 
CHICAGO: New York Life Building. PHILADELPHIA: Girard Building. SAN FRANCISCO: Mills Building. 
TACOMA, WASH.: 102 S. Tenth Street. ST. LOUIS: 1130 Guaranty Building. WASHINGTON, D. C.: 1333 F Street, N. 


ATLANTA, GA.: Equitable Building. 
Westinghouse Electric Co., Ltd., 32 Victoria St., London, S. W., England; 32 Ave. de 1’ Opera, Paris, France. 
CANADA Address: AHEARN & SOPER, OTTAWA, CANADA. 


eae 


rata arto ramm 


eat ners meas 
7 erm 





















THE JOURNAL OF ELECTRICITY. 


WHO _ CONDUIT? 


Nearly 20,000 feet of American Cir- 
cular Loom Co.’s Flexible Conduit in all 
SIZ@S. 


This Is Positively the Best Conduit on the Market. 


ALSO: 


Fifteen Thousand pieces of Brass 
Armored Conduit 


ELBOWS, 
CONNECTORS, 
OFFSETS and 
JUNCTION BOXES 


All New and For Sale at a Low Figure for Cash. 


California Electrical Supply and Construction Co. 


1145 Market Street, San Francisco. 





pie: — 
































THE JOURNAL OF ELECTRICITY. ix 


Keating Bicycles| "Hi PELTON SYSTEM oP POWER 


oe the nee yer seg yet attained in water 
‘a wheel practice, and affords the most simple, efficient 
“*365 DAYS AHEAD OF THEM ALL. and economical means of utu izing 

water for power purposes. 


SEVEN THOUSAND WHEELS NOW RUNNING, 


Aggregating over 400,000 horse power. Adaption made to al) 
conditions and every variety of service. 


ELECTRIC POWER TRANSMISSION 


PELTON WHEELS are the recognized standard for electrical 
work and are running a majority of the stations 




























a re 
. . 






D 


Ki 


of this character in all parts 


\ 
VA 
{ * . CoN of the world. 
nh Me NN Zi y ataogues furnished upon appication. Address, 


| 
iZ 






| 








paren era y sins ste one na at at 31-0 ee 5. 


Y 


THE PELTON WATER WHEEL CO. 


121 Main Street, SAN FRANCISCO, CAL. 








Ff 


oy 


' “SEE THAT CURVE?” 

The giant strength of the KEATING, the lightest practi- 
cal road wheel made, is evidence of perfection in design, mater- 
ials and workmanship. 

THE FRAME IS RIGID. 

THE SWAY MOTION IS NOT THERE. 


Keating riders recognize the exquisite glide that is exclu- 
sively Keating, as well as the elegance of the silent double 





= 
? aa: 


A. Grothwell, 


Sole Manufacturer... 


Preservative Paint . 
Electrical Compound 


=n = ieee tyne Aare abt 
ear + _ - 


Waterproof Roofing . 
roller chain. - Buliding Papers ay: 
r = 
Send for Catalogue We want active dealers. Coverin 


Flume ining... 





KEATING WHEEL COMPANY, 
MIDDLETOWN, CONN. 26 Dontgomerp St., - San Francisco, Cal. 

















~ a 














The book for those who want to know 
‘ALL ABOUT ELECTRICITY.” 









THE BOOK FOR THE DYNAMO TENDER AND FOR THE MASSES. 
| 550 pages; 300 illustrations. Price, $2.00, post free, by 
THE JOURNAL OF ELECTRICITY, Station M, San Francisco, 














IMPROVEMENT THE ORDER OF THE AGE. 
NEW No. ! 
— 


SMITH PREMIER TYPEWRITER 


Numbers of important improvements 
which are foundin noother writer. 


GREATEST YET PRODUCED. 
QP" Write for Nlustrated Catalogue. 
LEO. E. ALEXANDER & BRO., 






















ae 
Mopes E~eF, CHAINLESS *125,20 — __------ LOADON- 


ee ee eee 


$2.00 
$2.50 


HAWKINS’ Aids to Engineers Examinations, with questions and answers, $2.00 


Alternating Currents 


AND 


Alternating Current Machinery. 


2 


BY 


DUGALD C. JACKSON, C.E., 


Professor of Electrical Engineering in the University of Wisconsin; Member of the 
American Society of Mechanical Engineers, the American 
Institute of Electrical Engineers, etc.; 


AND 


JOHN P. JACKSON, M.E., 


Professor of Electrical Engineering in the Pennsylvania State College; Member 
of the American Institute of Electrical Engineers, etc. 


Four Invaluable Books! 


? 


ty, just issued, up-to-date 55 
Address JOURNAL OF ELECTRICITY, Sta. “‘M,’’ San Francisco. 


rici 


12mo. Cloth. pp. xvii+ 729. Price $3.50, net. 


ELECTRICITY. 





COMMENTS. 
“Tt appears to be a very valuable work, and I have no doubt it will be thoroughly 
appreciated by practical electrical engineers as well as instructors.” — RALPH W. PopE, 
Secretary Amer. Inst. of Elec. Engineers. 


OF 


“T like the way in which they develop their theory and make practical applications. 
I feel sure that the book will receive a hearty welcome.” — GEORGE W. PATTERSON, JR., 
Asst. Prof. of Physics, University of Michigan. 


“ We believe this is the only text-book on the subject worthy of the name; and it is, 
in our opinion, a matter of congratulation that the student has at hand at last some- 
thing adapted to his needs.” — 7he Electrical Engineer, New York. 


pages, 300 illustrations, 
Steam Users, twelfth edition, 


rm 
< 
Z 
oe 
= 
2 
(2 
rr 
fe 


“T have taken occasion to read with some care the work on ‘ Alternating Currents 
and Alternating Current Machinery’ by Dugald C. and J. P. Jackson. It better fulfils, 
I think, the requirements of a text-book for students in electrical engineering than any 
work with which I am acquainted. I find especially valuable the chapters devoted to 
the discussion of different arrangements of resistance, capacity, and inductance in cir- 
cuits, both series and parallel, matter which in this work is most clearly treated. 

“Then, too, I conceive it to be a matter of considerable consequence that some dis- 
cussion be given of the use of complex quantivies in alternating current problems as is 
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THE PELTON SYSTEM OF POWER 


Represents the highest development yet attained in water 
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The Van Syckel Water Gas System 


Plants installed and in successfull operation at Petaluma, St. Helena, and Woodland, Cali- 








fornia, and in about twenty other cities and towns of other States. 
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An option for the exclusive use of this system in seventy States and Territories has been 
secured. I would like a capitalist to advance from $5,000 to $50,000 to be used for current ex- 
penses in leasing plants, installing plants, and selling territory, and who, with me, will give his 


attention to this business. 
This standard gas system is endorsed by the leading gas experts of the world. 
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Gas by this process costs 15 per cent less than by any similar process, and in some places 
50 per cent less than by the use of coal. The quality of the gas is equal, if not superior, to any 


other illuminating gas used. 


In my opinion no similarly good opportunity for money making has ever been presented 


in this line of business as I am now prepared to offer to the right kind of a business man. 
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The Only fully Equipped SUPPLY House in the Pacific Nosteeth 


et HE PORTLAND GENERAL ELECTRIC COMPANY, 


PORTLAND, OREGON. 





-- THE S. K: C. POLYPHASE’ A C. SYSTEMS © =i- 
: NO MOVING WIRE. 
The First and Only Complete and Perfected System by which Light and Power can-be Supplied 


from the Same Generator and Circuits. Power Transmission and Distribution 
made Practical and Commercialky Successful. 





POINTS OF SUPERIORITY : 


Our system is much more simple and consequently much more durable than any other, either direct or-alternating. 

Our generator is much more efficient than any other alternator, requires less attention and absolutely no supplies except 
lubricant for bearings. 

It is practically self-regulating without the oss of energy involved by compounding or compensating. Other multi-phase 
machinery require a balance of load. © 

We have entirely eliminated from our generators the usual sources of trouble, expense and interruption of-service; i. e.: 
he revolving armature, commutator, collector rings, brushes, etc. 

They can be built for any voltage from 110 for isolating lighting to the high voltages required for power transmision work, 
in latter case doing away with the expense and loss of step-up transformers; the usual central station machine can. be connected 
at will for either 1,000 or 2,000 volts. 


Our transformers insure satisfactory service ace the greatest economy... We are prepared to fill all orders promptly. 


JOHN MARTIN, PACIFICCOKST AGEN, 300 CALIFORSIA STREET, 


SAN FRANCISCO 





STANLEY ELECTRIC MANUFACTURING 00., PITTSFIELD, Mass, 


When writing advertisers kindly mention “The Journal of Electricity.” 
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QUIMBY 
SCREW 
PUMPS 


UNEQUALLED FOR SIMPLICITY AND EFFICIENCY 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper 


ills, Mines and Quarries. 


It Handles Any Thick Material, such as 


Asphalt, Soap, Syrup, or Other Semi-Liquid to Perfection. 


NO PACKINC. 


NO PULSATION. 





On Exhibition at the Showrooms of 


CHAS. C. MOORE & CoO. ° fshsce cn 


Send for Catalogue and full information 





A new edition of the celebrated volume ‘‘ STEAM” has just been issued, and will 
be mailed free on application to the BABCOCK & WILCOX CO., 32 First St., 


San Francisco. Send for it. 
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The Theory and Practice 
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Thoroughly Taught in its 
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Electrical Engineering Department 


ORION BROOKS, Instructor 
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The largest steamers running 
on the Yukon Kiver this season 





eg 





Will drive their electric light plants by 
IDEAL ENGINES 





The Boilers made by the Oil City Boiler Works, Oil City, Penn., are being 
largely used for the river vessels now building, and we have 


en route eight Scotch Marine Boilers for local builders 








ABNER DOBLE COMPANY 


SAN FRANCISCO, CAL, 
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WATER WHEEL 


The accompanying cut shows the general 
arrangement of Knight’s Standard Water 
Wheel, of which there are hundreds in use in 
different States of the Union. 

These wheels are made from 2 feet to 6 feet 
in diameter, from 10 to 1000 horse power, 
and adapted to all heads and purposes. 

Wheels inclosed in iron cases, from 6 to 
24 inches. 

Wheels for electrical power can be furnished 
with or without Governors. Highest regu- 





NEW ADVERTISEMENTS. 


REDWOOD POLES 


For TELEGRAPH 
TELEPHONE 
ELECTRIC LIGHT 
POWER PLANTS 

In Lots and Sizes to Suit at Short Notice. 


Union Lumber Company 





KNIGHT’S 








lation guaranteed. 


ADDRESS ALL COMMUNICATIONS TO 


KNICHT & CO. 


a 
For Full Particulars Send for Descriptive Catalogue 


Sutter Creek, Cal. 





BUYERS’ DIRECTORY. 


AIR COMPRESSORS AND ROCK DRILLS 


Abner Doble Co. 


ARC LAMPS 
Abner Doble Co. 
California Electric Works 
General Electric Co. 
Portland General Electric Co. 
Westinghouse Electric and Mfg. Co. 


BATTERIES 

California Electrical Works 
BICYCLES 

Keating Wheel Co. 

White Sewing Machine Co. 


BOOKS AND PUBLICATIONS 
The Journal of Electricity 


CONSTRUCTING ENGINEERS 
Abner Doble Co. 
A. E. Brooke Ridley 
John Martin 


DYNAMOS AND MOTORS 
Abner Doble Co 
California Electrioal Works. 
General Electric Co. 
John Martin 
Portland General Electric Co. 
Westinghouse Electric and Mfg Co. 


EDUCATIONAL 
Heald’s Business College. 
Van der Naillen’s School of Electricity 


ELECTRICAL ENGINEERS 
Sidney Sprout 
A. E. Brooke Ridley 
W. Stuart Smith 
ELECTRICAL SUPPLIES 
California Electrical Works 
General Electric Co. 
Portland General Electric Co. 
P. R. Wagor & Co. 
Westinghouse Electric and Mfg Co. 
ENGINES 
Abner Doble Co. 
Moore & Co , Chas. C. 
INCANDESCENT LAMPS 
California Electrical Works 
General Electric Co. 
Portland General Electric Co. 
Westinghouse Electric and Mfg. Co. 
INSTRUMENTS 
California Electrical Works 
General Electric Co. 
Weston Electrical Instrument Co. 


INSULATING COMPOUND 
A. Grothweli 
New York Insulated Wire Co 
Paraffine Paint Co. 
Imperial Porcelain Works 


LINE MATERIALS 
California Electrical Works 
Fred Locke 


MECHANICAL ENGINEERS 
Cobb & Hesselmeyer. 
W. Stuart Smith 


MINING AND MILL SUPPLIES 
Abner Doble Co. 


POLES 
Central Manufacturing Uo. 
Union Lumber Co. 


POWER TRANSMISSION 
Abner Doble Co. 
General Electric Co. 
Stanley Electric Mfg. Co. 
Westinghouse E.ectric and Mfg. Co. 


RAILWAY SUPPLIES 
Abner Doble Co. 


STEAM BOILERS 
Abner Doble Co. 
The Babcock & Wilcox Co. 


STEAM SPECIALTIES 
Moore & Co., Chas. C. 


TELEPHONES 
California Electrical Works 
Portland General Electric Co. 


TRANSFORMERS 
General Electric Co. 
Stanley Electric Mfg. Co. 
Westinghouse Electric and Mfg. Co. 


TYPEWRITING SUPPLIES 
Leo E. Alexander & Bro. 


WATER WHEELS 
Abner Doble Co. 
Knight & Co. 
The Pelton Water Wheel Co. 


WIRES AND CABLES 
California Electrical Works. 
New York Insulated Wire Co. 
Portland General Electric Co. 
The Okonite Co. 
Washburn & Moen Manufacturing Co. 





Central Manufacturing Co., 


MANUFACTURERS AND DEALERS IN 


CHATTANOOGA, 


=x a NS x = el 


YELLOW FtNE 


‘TENN. 


smn 


CROSS ARMS 


BRACKETS 








‘PHONE “FRONT 62,” 
124 CALIFORNIA ST., 8. F., GAL. 


WIRE GUARDS 


AND GUARDS TO ORDER FOR 
SPECIAL PURPOSES 
Write for Catalogue B 
P. R. WAGOR & CO. 
WIRE WORKERS 
Manufacturers and Jobbers 


275-279 Main St., Springfield, Mass. 


AN ALTERNATOR FOR SALE 


SPECIFICATION—T hirty Kilowatts; 16, - 
000 alterations per minute: 1,100 volts; 
used less than three years and in fine con- 
dition; it isa bargain. For further infor- 
mation and price, address 














“ey 2° 
Care Journal of Electricity, 
San Francisco. 


TRANSACTIONS FOR SALE. 


The transactions of the Pacific Coast 
Electric Transmission Association, Santa 
Cruz and Sacramento Conventions, have 
been bound in paper and are for sale, price 
50 cents, post free. Address 

ROBERT MCF. DOBLE, Secretary 
175 Crocker Building, San Francisco. 


FOR SALE 


SEWING MAGHINE MOTORS, ETC. 


Owing to having changed our service from the 
constant current to the constant potential system, 
we offer the following second-hand apparatus for 
sale at the prices given. 

50 Cleveland } h. p., 9.6 ampere bi-polar 

motorsat - - - $7.00 each 
The above price includes starting-box. 

27 ‘*‘Wood’’ absolute break fire-proof 

switches at - - $1.60 each 

75 single pole, 25 ampere slate base 

switches at - - 40 cents each 











The Pacific Electric Motor Company, 


12 Annie Street, San Francisoo. 


AMERICAN MACHINE CO. 


CHICAGO, ILLINOIS. 
MANUFACTURERS AND DEALERS IN 
SEWING MACHINES, BICYCLES, 4c 


Finest finished and most per- 
fect Machine made, with all 





Modern up-to-date Improve- 
ments, including the most at 
tractive Wood-\Work and Latest 
Improved Attachments with full 


Instructions for working the 
same. Only the Best Material us- 
ed and most experienced work- 
men employed. Our Machines 
will out-last any other made giv- 
ing perfect satisfaction to users, 
Bicycles at Cost to Our Customers. 

The New “ PRINCESS” is the favorite Ma- 
chine among women who use them, consequently 
he most called for and profitable for Agents and 

alers to handle. Send for Circulars and Prices 
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There are more 





In use on Power 


300 California 


Lines On the rm: 





oe 
a 
a 


Steel Pin. 


than there are of any other 


manufacture. 








a SO ee Ns OOO is ica sa. ee tN RRR dseln cc ev nent evedee cvnaecse 20,000 volts 
ee oe er, I Sc. s ndbanw oe- se pwasbeupnbbiosecs pls sb umxae tones 16,500 ‘* 
San Gabriel Power Company, Los Angeles.............. Suna ok Ges < PR ce ER © ok Re 15,000 ‘ 
Blue Lakes Water Company, Blue Lakes City... .......... 2... cece cece cee tees teen eens 11,000 ‘ 
California Exploration Company, Calaveras County...........0 26... cence cence eee eeeeeece 11,000 * 
eS er es SEE os ogo va sins bid nceen dices vache. ccedes ene vabewsece 10,000 ‘* 
Sacramento Gas and Klectric Railway Company, Folsom............ 0 ......60.ccceeeeeees 10,000 ‘* 
South Yuba Power Company, Newonethe. .. oo... 6. cscs ccc e rene sewe ccc ewcdbeescneeee 10,000‘ 
Power Development Company, Bakersfield.................... PAE AES SES. OEE 10,000 ‘* 
Big Creek Power Company, Santa Cruz ...... MAGA w. 3: bE RRR ee enous 10,000 * 
Nevada County Electric Power Company, Nevada City.. ........... -..sceeeeseeee eee 5,500 * 
Merced: TRF ee PNT Baik s vo whee cccn cde cdadeenpadhe cbse enreschdlesercapes 5,000 ** 


NOTE: By decision of the Patent Office, February 11, 1898, all other 3-part insulators are infringements. 








FRED M. LOCKE, Victor, New York. 





JOHN MARTIN, 


Pacific Coast Agent, 


Insulators 


Transmission 


Losi mur, PACITIC Coast 


“LOCKE” INSULATORS USED BY THE FOLLOWING PLANTS IN CALIFORNIA: 
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General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


Por LIGHTING, POWER AND RAILWAY PURPOSES, 
LONG DISTANCE POWER TRANSMISSION. 





| PACIFIC COAST OFFICE, Claus Spreckels Building, - - - San Francisco, Cal. 
CALIFORNIA ELRcrRICAL Works | 
409 MARKET ST., - - San Francisco, Cal. nN 





AGENTS FOR 


Western Electric Go.’s Are and Incandescent Machinery, 
Warren Alternating Current Dynamos, 





Wagner Transformers,  Kerite Wire, Helios Lamps, Buckeye Lamps. 








BE ey ELECTRICAL SUPPLIES OF EVERY DESCRIPTION. 


on electrical subjects mailed to any address in the world, POSTAGE PREPAID, on 
receipt of price. Address, THE JOURNAL OF ELECTRICITY, 
Station M, SAN FRANCISCO, CAL. 


New York INSULATED Wire Co. 


—i- SOLE MANUFACTURERS OF —i— 


8 Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 


+ 
or 


ATT WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 
TRADE MARK. J- R. COLE, Sales Agent——_ 115 New Montgomery St. san FRANCISCO 

















Imitated often Never excelled a 

Insulating Tape ' 
P & bE. Armature Varnish : 
Electrical Compound i 

















MANUFACTURED ONLY BY 


PARAFFINE PAINT CO. 


524 So. Broadway, Los Angeles 116 Battery Street, San Francisco 
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The Use of Electricity in Mines 
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3€ oO ms) 
{0}. 4 3/ 
3€ A valuable series of illustrated articles, descriptive of the 
-(+9}- Practical Applications of Electricity in Mining, is to begin in the 
ae April number of the JOURNAL OF ELECTRICITY, and will dis- 

he cuss this most important subject in a clear, accurate and impartial 
3=€ way. It will be invaluable to every one who is interested in the 

rapid adoption of electricity to modern mining and electro-metal- 

3_€ lurgical purposes. 
| 
3€ 5 € 
ane 7 iS 
if : 

m4 3 S 
-{+0)- : This. Coupon, when accompanied by fifty cents, # 
3_€ 3 will entitle any miner to One Year’s Subscription to : 
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3 € 3 of April, 1898. p 
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The JOURNAL OF ELECTRICITY is the only electrical mag- 
3-€ azine published west of Chicago, and the exceptional exvellence of 
bea- its illustrated descriptive articles have given it an enviable and 
3€ world-wide distinction in technical journalism. 
see: Its regular subscription price is $1.00 yearly, but the accom- 
3€ panying coupon enables miners to secure a trial subscription for 
seas one year for fifty cents. Specimen copies free. 
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Keating Bicycles 


**365 DAYS AHEAD OF THEM ALL.” 





“SEE THAT CURVE?” 


The giant strength of the KEATING, the lightest practi- 
cal road wheel made, is evidence of perfection in design, mater- 
ials and workmanship. 


THE FRAME IS RIGID. 
THE SWAY MOTION IS NOT THERE. 


Keating riders recognize the exquisite glide that is exclu- 
sively Keating, as well as the elegance of the silent double 
roller chain. 


Send for Catalogue We want active dealers. 


KEATING WHEEL COMPANY, 


MIDDLETOWN, CONN. 








THE PELTON SYSTEM OF POWER 


Represents the highest development yet attained in water 
wheel practice, and affords the most simple, efficient 
and economical means of utulizing 
water for power purposes. 


SEVEN THOUSAND WHEELS NOW RUNNING, 


Aggregating over 400,000 horse power. Adaption made to all 
conditions and every variety of service. 


ELECTRIC POWER TRANSMISSION 


PELTON WHEELS are the recognized standard for electrical 
work and are running a majority of the stations 
of this character in all parts 
of the world. 





~~ <> - 
Catalogues furaished upon appication. 





Address, 


THE PELTON WATER WHEEL CO. 
121 Main Street, SAN FRANCISCO, CAL. 





A. Grothwell, 


Sole Manufacturer... 


Preservative Paint . 
Electrical Compound 
Waterproof Roofing . 
uiiding Papers... .« 
eredo-prooft Pile 
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WHITE SEWING MACHINE COMPANY 


Young Men’s hristian Association Building, Corner Mason and Eddy Streets 
SAN FRANCISCO, CAL. 
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The Van Syckel Water Gas System 


Plants installed and in successfull operation at Petaluma, St. Helena, and Woodland, Cali- 





















fornia, and in about twenty other cities and towns of other States. 










* & % 





An option for the exclusive use of this system in twenty States and Territories has been 


secured. I would like a capitalist to advance from $5,000 to $50,000 to be used for current ex- 






penses in leasing plants, installing plants, and selling territory, and who, with me, will give his 





attention to this business. 









* %& 





This standard gas system is endorsed by the leading gas experts of the world. 


* % *% 


Gas by this process costs 15 per cent less than by any similar process, and in some places 
50 per cent less than by the use of coal. The quality of the gas is equal, if not superior, to any 
other illuminating gas used. 


* & % 


In my opinion no similarly good opportunity for money making has ever been presented 


in this line of business as I am now prepared to offer to the right kind of a business man. 


Boss, J nee . . a . ' : J 
— . é ~ - is et st Rt RELIES OM A oe ee 
Li etic. NB TY LE NRE A MEN BE LTD EB ARMS TIBI GS. DANS ta RO A, ee RRM Se 


* & % 
Cc. S. YOUNG 


Ses. 





602 Market Street (CROCKER BUILDING) San Francisco, Cal. 















CORRESPONDENCE SOLICITED we 
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WASHBURN & MOEN MEG. Go. 


— DRAWERS OF—— 


IRON, STEEL & COPPER WIRE 


AND MANUFACTURERS OF 


BARE AND. XELECTRICAL WIRES» 


FOR 


4 TELEPHONE, 

‘i TELEGRAPH, 

ELECTRIC RAILWAY, 
ELECTRIC LIGHTING and 
| POWER TRANSMISSION 
PURPOSES. 


ESTABLISHED 1831. Works at Worcester, Mass; Waukegan, Ill., and San Francisco, Cala. 




















San FErancisco Office and» Warehouse, 


FRANK L.-BROWN, Pacific Coast. Agent: 8 AND 10 PINE STREET. 
~ Four Invaluable Books’ 


HAWKINS’ New Catechism of Electricity, just issued, up-to-date 552 
: pages, 300 illustrations, : . : : - $2.00 
HAWKINS’ Aids to Engineers Examinations, with questions and answers, $2.00 
HAWKINS’ Maxims and Instructions for thé Boiler Room, 7th edition, $2.50 

HAWKINS’ Hand Book of Calculations for Engineers, Firemen and 
Steam Users, twelfth edition, : : . - $2,5¢ 









ae en mee 


N Engineer or Fireman can 
really afford to be without 
these books. The ‘‘Aids’’ are bound 


in red leather, with: gold titles and 
edges, size 5} by 8}, weight 14 Ibs. 

The ‘New Catechism of Electricity’’ 
is bound. in red leather, pocket book 
form, with title and edges in golds The 
other two books are-bound im silk 
‘cloth, 6 by 8} inches,;, weight 2} lbs 
each. ‘The four books form: a library 
Teele, ee ; ; 

we. is set oO Ss, OF any one oO ; 
them, will be mailed to anyone on re- Address JOURNAL OF ELECTRICITY, Sta. ‘‘ M,’’ San Francisco. A 
a ceipt of price. ; P 
When writing advertisers kindly mention “The Journa) of Electricity." 
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SKC” POLYPHASE SYSTEM 


(TWO THREE PHASE) 











PERFECT TRANSFORMERS 
Generators ‘Without Moving Wire 
Generators Without Commutators 


, Generators Without Collector Rings 


From the same | 
GENERATOR and CIRCUITS 


“S. KO.” Lightning bibles “S. KG.” Static Voltmeters 
| “8. KO” Static Ground Detectors 


PAPEETE ET Reba hei bi eb 





‘STANLEY ELECTRIC MANUFACTURING CO. 


\ PITTSFIELD, MASS. 


ie 











JNO. MARTIN, Paci Cast Agent, 300 California St, S. F. 
Ris res LO BLG Dates Salar Glo 
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2Np, Copy, 


he Me 
Fhe Pioneer Olectric : : 


Power Prantmi ssion 





AN JLLUSTRATED Review OF THE |NDUSTRIAL: \PPLICATIONS OF Bvecrnt 
Vou. V, No. 6. 





, GAS AND POWER. 


{ YEARLY SUBSCRIPTION. $1.00 
SINGLE Copigs, - - 10 cents 





San. FRANOISoO, Marcu, 1898. 
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WEST etectile CAL INSTRUMENT CO., 1889 1893 
; ae sae se daca: Paris Exposition WORLD'S FAIR 
Weston ips Portable Direct- Medal for Medal for 
> Reading Rubber Insulation be Rubber Insulation 





VOLTMETERS, MILLIVOLTMETERS, 
VOLTAMMETERS, AMMETERS, 
MILLIAMMETERS, GROUND DETECTORS and 
CIRCUIT TESTERS, OHMMETERS. 





Sole Manufacturers of 
Okonite Tape, Manson Tape, 


Ren nt te 















Our Portable Instruments are recognized as the 


Candee Weather-proof Wires. 
chi handhsouy Shiba wes nae eee tte CO., Ltd. 


better OurSTATION VOLTMETERS and AM- Willard. L. Candee 
METERS dre ubsurpassed in point of extreme ac- H. Durant Cheever | Managers 253 Broadway, 


curacy and lowest consumption of energy. weit Hedeiha. po Supt. NEW YORK 





PORTABLE GALVANO- 
METER. 








General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


For LIGHTING, POWER AND RAILWAY PURPOSES, 
LONG DISTANCE POWER TRANSMISSION. 







ipoens COAST OFFICE, Claus Spreckels Building, - - - San Francisco, Cal. 
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Alternating Currents 


AND 


Alternating Current Machinery. 


BY 


DUGALD C. JACKSON, C.E., 
Professor of Electrical Engineering in the University of Wisconsin; Member of the 
d American Society of Mechanical Engineers, the American 
Justitute of Electrical Engineers, etc.; 
AND 
JOHN P. JACKSON, M.E., 


Professor of Electrical Engineering in the Pennsylvania State College; Member 
of the American Institute of Electrical Engineers, etc, 


12mo. Cloth. pp. xvii+ 729. Price $3.50, net. 





COMMENTS. 


“It appears to be a very valuable work, and I have no doubt it will be thoroughly 
appreciated by practical electrical engineers as well as instructors.” — RALPH W. Pops, 
Secretary Amer. Inst. of Elec, Engineers. 


“TI like the way in-which they develop their theory and make practical applications. 
I feel sure that the book will receive a hearty welcome.” — GEORGE W. PATTERSON, JR., 
Asst, Prof. of Physics, University of Michigan. 


“ We believe this is the only text-book on the subject worthy of the name; and it is, 
in our opinion, a matter of congratulation that the student has at hand at last some- 
thing adapted to his needs.” — 7he Electrical Engineer, New York. 


“T have taken occasion to read with some care the work on ‘ Alternating Currents 
and Alternating Current Machinery’ by Dugald C. and J. P. Jackson. It better fulfils, 
I think, the requirements of a text-book for students in electrical engineering than any 
work with which I am acquainted. I find especially valuable the chapters devoted to 
the discussion of different arrangements of resistance, capacity, and inductance in cir- 
cuits, both series and parallel, matter which in this work is most clearly treated. 

“Then, too, I conceive it to be a matter of considerable consequence that some dis- 
cussion be given of the use of complex quantities in alternating current problems as is 
here done... . 

“The general appearance of the work is excellent. I am using it with my fourth- 
year students in electrical engineering, who find it a most helpful work.” 

H. E. CLirrorD, S.B., Asst. Prof. of Theoretical Physics, Mass. Inst, of Tech., Boston. 
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A valuable series of illustrated articles, descriptive of the 
Practical Applications of Electricity in Mining, is to begin in the 
April number of the JOURNAL OF ELECTRICITY, and will dis- 
cuss this most important subject in a clear, accurate and impartial 
way. It will be invaluable to every one who is interested in the 
rapid adoption of electricity to modern mining and electro-metal- 
lurgical purposes. 


se Se Me ile SMe ile Sie Me We Me Me SMe SMe Ske Ske ike Sie Site Bile 


SS) 
x x 
FAK RAR 


wae 
rT 
Cs) 


S 
‘ 


hd OMY 
x | 
OAK OM 


non 


$) 


This Coupon, when accompanied by fifty cents, 
will entitle any miner to One Year’s Subscription to 
the Journal of Electricity, beginning with the issue 
of April, 1898. 
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The JOURNAL OF ELECTRICITY is the only clectrical mag- 
azine published west of Chicago, and the exceptional excellence of 
its illustrated descriptive articles have given it an enviable and 
world-wide distinction in technical journalism. 

Its regular subscription price is $1.00 yearly, but the accom- 
panying coupon enables miners to secure a trial subscription for 
one year for fifty cents. Specimen copies free. 
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The Van Syckel Water Gas System 


Plants installed and in successfull operation at Petaluma, St. Helena, and Woodland, Cali- 
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An option for the exclusive use of this system in twenty States and Territories has been 
secured. I would like a capitalist to advance from $5,000 to $50,000 to be used for current ex- 


penses in leasing plants, installing plants, and selling territory, and who, with me, will give his 
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attention to this business. 
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This standard gas system is endorsed by the leading gas experts of the world. 
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Gas by this process costs 15 per cent less than by any similar process, and in some places 


50 per cent less than by the use of coal. The quality of the gas is equal, if not superior, to any 


other illuminating gas used. 
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In my opinion no similarly good opportunity for money making has ever been presented 


in this line of business as I am now prepared to offer to the right kind of a business man. 
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COMMENTS. 


“It appears to be a very valuable work, and I have no doubt it will be thoroughly 
appreciated by practical electrical engineers as well as instructors.” — RALPH W. Pops, 
Secuetary Amer. Inst. of Elec. Engineers. 


“T like the way in which they develop their theory and make practical applications. 
I feel sure that the book will receive a hearty welcome.” — GEORGE W. PATTERSON, JR., 
Asst. Prof. of Physics, University of Michigan. 


“ We believe this is the only text-book on the subject worthy of ‘the name; and it is, 
in our opinion, a matter of congratulation that the student has at hand at last some- 
thing adapted to his needs.” — 7he Electrical Engineer, New York. 


“T have taken occasion to read with some care the work on ‘ Alternating Currents 
and Alternating Current Machinery’ by Dugald C. and J. P. Jackson. It better fulfils, 
I think, the requirements of a text-book for students in electrical engineering than any 
work with which I am acquainted. I find especially valuable the chapters devoted to 
the discussion of different arrangements of resistance, capacity, and inductance in cir- 
cuits, both series and parallel, matter which in this work is most clearly treated. 

“Then, too, I conceive it to be a matter of considerable consequence that some dis- 
cussion be given of the use of complex quantities in alternating current problems as is 
here done... . 

“The general appearance of the work is excellent. I am using it with my fourth- 
year students in electrical engineering, who find it a most helpful work.” 

H. E. Ciirrorb, S.B., Asst. Prof. of Theoretical Physics, Mass. Inst. of Tech., Boston. 
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A valuable series of illustrated articles, descriptive of the 
Practical Applications of Electricity in Mining, is to begin in the 
April number of the JOURNAL OF ELECTRICITY, and will dis- 
cuss this most important subject in a clear, accurate and impartial 
way. It will be invaluable to every one who is interested in the 
rapid adoption of electricity to modern mining and electro-metal- 
lurgical purposes. : 
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will entitle any miner to One Year’s Subscription to 
the Journal of Electricity, beginning with the issue 
of April, 1898. 
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The JOURNAL OF ELECTRICITY is the only electrical mag- 
azine published west of Chicago, and the exceptional excellence of 
its illustrated descriptive articles have given it an enviable and 
world-wide distinction in technical journalism. 
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The Van Syckel Water Gas System 


Plants installed and in successfull operation at Petaluma, St. Helena, and Woodland, Cali- 





fornia, and in about twenty other cities and towns of other States. 


%* %& * 


An option for the exclusive use of this system in twenty States and Territories has been 
secured. I would like a capitalist to advance from $5,000 to $50,000 to be used for current ex- 
penses in leasing plants, installing plants, and selling territory, and who, with me, will give his 


attention to this business. 


* %& *% 


This standard gas system is endorsed by the leading gas experts of the world. 


* & *% 


Gas by this process costs 15 per cent less than by any similar process, and in some places 
50 per cent less than by the use of coal. The quality of the gas is equal, if not superior, to any 
other illuminating gas used. 
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In my opinion no similarly good opportunity for money making has ever been presented 


in this line of business as I am now prepared to offer to the right kind of a business man. 
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= CORRESPONDENCE SOLICITED Dal 

















THE JOURNAL c OF ELECTRICITY. 


WASHBURN & MOEN MFG. GO. 


—DRAWERS OF—— 


IRON, STEEL & COPPER WIRE 


AND MANUFACTURERS OF 








pare ANC > XELECTRICAL WIRES» 











—FOR 


: TELEPHONE, 

| TELEGRAPH, ? 
| ELECTRIC RAILWAY, 

| ELECTRIC LIGHTING and 

| POWER TRANSMISSION 

I PURPOSES. 


ESTABLISHED 1831. Works at Worcester, Mass., Waukegan, Ill., and San Francisco, Cala. 











San EHranciseo Office and Warehouse, 


FRANK L. BROWN, Pacific Coast Agent. 8 AND 10 PINE STREET. 


Four Invaluable Books! 


HAWKINS’ New Catechism of Electricity, just issued, Bare sc 552 

pages, 300 illustrations, - - : - $2.00 
HAWKINS’ Aids to Engineers Examinations, with questions and answers, $2.00 
HAWKINS’ Maxims and Instructions for the Boiler Room, 7th edition, $2.50 
HAWKINS’ Hand Book of Calculations for a Firemen and 

Steam Users, twelfth edition, . : - $2.50 











N Engineer or Fireman can 
really afford to be without 
pee books. The ‘‘Aids’’ are bound 


red leather, with gold titles and 
age, size 5} by 8}, weight. 1} lbs. 
he *‘ New Catechism of Electricity’’ 

‘ is bound in red leather, pocket book 
form, with title and edges in gold. The 
other two books are bound in silk 

loth, 6 by 8} inches, weight 2# Ibs 

each, Thefour books form a library 

, by_themselves, 

Ys Lan set of books, or any one of 


will be mailed to anyone on re- Address JOURNAL OF ELECTRICITY, Sta. ‘‘M,” San Francisco. 


ope of price. 





_ When writing advertisers kindly mention “The Journal of Electricity.” 


ee kee ae NOR See oP Oe J Ges 7 Meas oS . ae 
vig Rae hi 5 at Naa A CR is ON ea ag sg, Oe eee phat ae ee ory lal 


































yi | THE JOURNAL OF ELECTRICITY. 


> 8 


DAILY SAVINGS BANKS 


1 














Permanent . Longest 
Core Loss Life - 
Uniform Regulation 





OUTDOOR TYPE. 


TRANSFORMERS 








* 
one 
oY, 





SELF MOST 
COOLING ECONOMICAL 
HIGHEST COAL BILLS 

EFFICIENCY REDUCED 





INDOOR TYPE. 


STANLEY ELECTRIC MANUFACTURING CO. 
JOHN MARTIN, PACIFIC COAST AGENT 


300 California Street, San Francisco, Cal. 








WRITE FOR PRICES | ty 


—— 





When writing advertisers kindly mention “The Journal of Electricity.” 










a os hans 


Sea 5 2 Yuba Power idivem! sion. 
Beste Oxperiments at 34,000 TWolts. 






ot 
a 



















N 


AN |LwvereareD bevaew-0 OF THE [NDUSTRIAL [\PPLICATIONS OF FLECTRICITY, Gas AND POWER. 




















Vow V, No. 8. San daemons May, 1898. : YrAnux Sumsomteriox, $1.0 t 
REN a Rt he OD Scat PEA IRS SRS ER Wally AS th SBE SD i 
nn are vi 
4 
WEST ON: ELECTRICAL INSTRUMENT C0. 1889 1893 ; 
414-120 William 8t., , Hf 
NEWARK - - - NLS. U.S.A. Paris Exposition WORLD’S FAIR j 
Weston Standard fortable Direct se tu ry eek tee ? 
Reading Rubber Insulation Rubber Insulation i 
VOLTAMMETERS, AMMETERS, : q 
NILLIAMMETERS, Okonite Tape, Manson Tape, a 
GROUND DETECTORS and CIRCUIT . f 
rustens; Gaaienteas. Candee Weather-proof Wires. { 
. PORTABLE GALVANOMETERS. ; 
Our Porta e. Instruments are Recognized as the STANDARD the THE OKONITE CO., Ltd. 7 
world over. ¢ SEMI-PORTABLE LABORATORY STANDARDS are Willard L. Candee ‘ 
still better. Our STATION VOLTMETERS and AMMETERS are unsur- H. Durant Cheever, | Managers 253 Broadway, i) 
passed in‘point of extreme accuracy and lowest consumption of energy. Wit Hodeiee” Bory Supt. NEW YORK / 
y é - th. ’ t 





General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


For LIGHTING, POWER AND RAILWAY PURPOSES, 
LONG DISTANCE POWER TRANSMISSION. 


net A TG CIE ow 


4 


ASE NO aero Te 
cf 







PACIFIC COAST OFFICE, Claus Spreckels Building, - - - San Francisco, Cal. 


When writing advertisers kindly mention “ The Journal ofElectricity.”’ 









“THE JOURNAL OF "ELECTRICITY, 


YOU CANNOT AFFORD to EXPERIMENT!! 
SATISFACTORY RESULTS EVERYWHERE 


~++“LOCKE” INSULATORS-++ 


5,000 to 50,000 Volts. 





































Annealed Glass Insulator for 20,000 Volts. 


a JNO. MARTI ; PACIFIC. COAST AGENT, 300 BAN, FRANCISCO: CAL. 


‘ 





CALIFORNIA ELECTRICAL Works 


409 MARKET ST., - - San Francisco, Cal. 


AGENTS FOR 


Western Electric Go.’s Are and Incandescent Machinery, 
Warren Alternating Current Dynamos, 





Wagner Transformers,  Kerite Wire, Helios Lamps, ‘Buckeye Lamps, 








wath? @Ekken abana one ELECTRICAL SUPPLIES OF EVERY DESCRIPTION. 





Imitated often | Never exceiled 
Insulating Tape 
P& 2» Armature Varnish 
== Electrical Compound 
PARAFFINE PAINT CO. 
§24 So. Broadway, Los Angeles 116 Battery Street, San Francisco 




















Send for our new 1898 C. 
4 ; - f pages AL ge 98 Catalogue 
all © oar ae tx) 
cans. EM 
acturers 
pa direct, at 
n’s SP A RS NO READY, ‘ 














sogutt your rcumstances. c 
— bape pen! warrant for tweaty-Aye years. No fomwet rou ed rm 
pur * arene TERMS: No Satisfaction, No Pay. 
bank, & ihe editor of this poe eae > REND for particulars : 
nk im a have pur- pe ular Co-Partnership Plan oy § ~ 


chased mnilions ee pa - one from \y 
Piano or preee. lg notte 


eae p ei Set * ay 
MS Fe COs, om WASHINGTON, N, J.& 


ma i Conn . ss n ed a 





When writing advertisers kindly mention ‘‘The Journal of Electricity.” 








THE JOURNAL OF ELECTRICITY. 





UNEQUALLED FOR SIMPLICITY AND EFFICIENCY 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper 


Mills, Mines and Quarries. 


It Handles Any Thick Material, such as 


Asphalt, Soap, Syrup, or Other Semi-Liquid to Perfection. 
NO PACKINC. NO PULSATION. 





On Exhibition at the Showrooms of 


CHAS. C. MOORE & C 


32 FIRST STREET 


San Francisco, Cal. 


Send for Catalogue and full information 





A new edition of the celebrated volume ‘‘ STEAM” has just been issued, and will 


be mailed free on application to the BABCOCK & WILCOX CO. 


San Francisco. Send for it. 


, 32 First St., 





ADVERTISERS’ 


PAGE 


Abner Doble Co.. Pie eet 

Alexander & Bro., Leo E 

Babcock & Wilcox.. Se 

Brooks - Follis Electric Cornet 
MN es ox cats ; . Vili, ix, xi 

California Electrical Wasks be Meet se ii 

Centra] Manufacturing Co 

Chicago Scalé Co. . 

Cobb & Hesselmeyer 

EIN 2 C.'y Swen cureeueas ose e oe ix 

Cornish & Co. ea 

Cutter Electrical and Manufactur- 


Grothwell, A 
General Electric Co...................i 


Heald’s School of Engineering 
IM Wvias 6 Sd Secs poss casépass v 


Martin, John...... ; 
Moore & Co., Chas. C 


N. Y. Insulated Wire Co., The 


INDEX. 


Okonite Company, Ltd., The.. .. .... 
Pacific Arc Lamp Co 
Paraffine Paint Company, The.. .. 


Pelton Water Wheel Company ..... 
Portland General Elec. Co. . 

Ridley, A. B. Brooke.. .. .. 
ee ix 
Roebling’s Sons Co., The John A... 
Sprout, E. E. Sydney.... 

Stanley Electric M’f’g Co. 

Stuart Smith, E. E., M. E, W 


Wmiom tame ver Can... ik... oe iwc os. ok v 
Van der Nailen a hool of Electricity . iii 
Wagor & Co., P. R 

Want fecal cee eka «e's 
Washburn & Moen M’f’g Co 
Westinghouse Electric & M’f’g Co. 
Weston Electrical Instrument Co 
White Sewing Machine Co.......... 
Wyckoff, Siemens & Benedict 

Young, C.S 





PROFESSIONAL. 


A.C.ROBBINS, E. £., MLE. 


531 ALVARADO ST. 


San Francisco . - : Cal, 





Electrical and Mechanical F xperting 


Patents secured at Eastern prices. 


EASTERN CORRESPONDENTS: 


O‘MEARA & CU., Registered Patent Attorneys, 
Washington, D. C. 





COBB & HESSELMEYER 


MECHANICAL ENGINEERS 
421 Market St., Cor. First St. 


Telephone “ Black 2403” Rooms 70-71 
San Francisco, Cal. 


SIDNEY SPROUT 
SUPERVISING Flee trical ENO ieer 


STATION ECONOMICS A SPECIALTY. 
421 Market Street - - San Francisco 


W. STUART-SMITH 
MECHANICAL AND ELECTRICAL 


aw— ENGINEER 


Room 26, Sheldon Bldg., San Francisco 














EDUCATIONAL. 











<= 


HEALD’S 
BUSINESS COLLEGE 


——AND—— 


SCHOOL OF 
ENGINEERING 


The Theory and Practice 
of Electrical Engineeriug are 
Thoroughly Taught in its 
Electrical Engineering Department 
ORION BROOKS, Instructor 
24 Post Street San Francisco 


SCHOOL OF 
PRACTICAL » 
ELECTRICAL ** 


Civil, Mining and Mechanical Engineer- 
ing, Surveying, Drawing, Architecture 
and Assaying— % 
No. 933 Market Street 
SAN FRANCISCO 
A. VAN DER NAILLEN, PRESIDENT 


Send for Circvlars 





Established 1864 


When writing advertisers kindly mention ‘‘The Journal of Electricity.” 








iv THE JOURNAL OF ELECTRICITY. 





ABNER DOBLE COMPANY 


Cor. Fremont and Howard Streets, San Francisco 





MINE AND MILL SUPPLIES 


aa ba 595 s Expressly for Hard Rock. 
Nickel Drill Steel Write for Particulars ... 





NORWAY AND AMERICAN REFINED IRON 





WRIGHT’S NORWAY PICKS AND PICK EYES 





HAND MADE MINING TOOLS, DOUBLE AND SINGLE 





HAND DRILL HAMMERS, ETC., ETC. 








DOBLE ROCK DRILLS AND AIR COMPRESSORS 


These machines are superior to any other on the market, 


combining simplicity and durability ............. 





Mining Men Investigate .... Sie ik Estimates Cheerfully Furnished 

















THE JOURNAL OF ELECTRICITY. v 





KNICHT’S 





WATER WHEEL 


The accompanying cut shows the general 
arrangement of Knight’s Standard Water 
Wheel, of which there are hundreds in use in 
different States of the Union. 

These wheels are made from 2 feet to 6 feet 
in diameter, from 10 to 1000 horse power, 
and adapted to all heads and purposes. 

Wheels inclosed in iron cases, from 6 to 
24 inchrs. 

Wheels for electrical power can be furnished 
with or without Governors. Highest regu- 
lation guaranteed. 


ADDRESS ALL COMMUNICATIONS TO 


KNICHT & CO. 
Sutter Creek, Cal. 





For Full Particulars Send for Descriptive Catalogue 





BUYERS’ DIRECTORY. 


AIR COMPRESSORS AND ROCK DRILLS 


Abner Doble Co. 
ARC LAMPS 

Abner Doble Co. 

Brooks-Follis Electric Corporation 

Califcrnia Electric Works 

General Electric Co. 

Pacific Arc Lamp C». 

Westinghouse Electric and Mfg. Co. 
BATTERIES 

Brooks-Follis Electric Corporation 

California Electrical Works 
BICYCLES 

White Sewing Machine Co. 
BOOKS AND PUBLICATIONS 

The Journal of Electricity 
CARBONS 

Brooks-Follis Electric Corporation 

Hugo Reisinger 
CONSTRUCTING ENGINEERS 

Abner Doble Co. 

A. E. Brooke Ridley 

John Martin 
DYNAMOS AND MOTORS 

Abner Doble Co 

Brooks-Fallis Electric Corporation 

California Electrioal Works. 

General Electric Co. 

John Martin 

Westinghouse Electric and Mfg Co. 
EDUCATIONAL 

Heald’s Business Colle 


ge. 
Van der Naillen’s School of Electricity 


ELECTRICAL ENGINEERS 
Sidney Sprout 
A. E. Brooke Ridley 
W. Stuart Smith 


ELECTRICAL SUPPLIES 
Brooks-Follis Electric Corporation 
California Electrical Works 
sure Electric Co. 

P. R. Wagor & Co 
Westinghoase Electric and Mfg Co. 


ENGINES 

Abner Doble Co. 

Moore & Co., Chas. C. 
FIREARMS 

Marlin Firearms Co. 
INCANDESCENT LAMPS 

Brooks-Foilis Electric Corporation 


California Electrical Works 
General Electric Co. 


Westinghouse Electric and Mfg. Co. 


INSTRUMENTS 
Brooks-Follis Electric Corporation 
California Electrical Works 
General Electric Co. 


Weston Electrical Instrument Co. 
INSULATING COMPOUND 
Brooks-Follis Electric Corporation 
A. Grothweli 
New York Insulated Wire Co 
Paraffine Paint Co. 
LINE MATERIALS 
Brooks-Follis Electric Corporation 
California Electrical Works 
Fred M. Locke 
Jno. Martin 
MECHANICAL ENGINEERS 
Cobb & Hesselmeyer. 
W. Stuart Smith 
MINING AND MILL SUPPLIES 
Abner Doble Co. 
Brooks-Follis Electric Corpora‘ion 


POLES 

Central Manufacturing Vo. 

Union Lumber Co 
POWER TRANSMISSION 

Abner Doble Co. 

Brooks Follis Electric Corporation 

General Electric 

Stanley Electric Mfg Co. 

Westinghouse E.ectric and Mfg. Co. 
RAILWAY SUPPLIES 

Abner Doble Co 

Brooks-Follis Electric Corporation 
STEAM BOILERS 

Abner Doble Co. 

The Babcock & Wilcox Co. 


STEAM SPECIALTIES 
Moore & Co., Chas. C. 


TELEPHONES 
Brooks-Follis Electric Corporation 
California Electrical Works 


TRANSFORMERS 
Brooks-Follis Electric Corporation 
California Electrical Works 
General Electric Co. 
Stanley Electric Mfg. Co. 
Westinghouse Electric and Mfg. Co. 


TYPEWRITING SUPPLIES 
Wyckoff, Siemens & Benedict 
Leo E. Alexander & Bro. 


WATER WHEELS 
Abner Doble Co. 
Knight & Co. 
The Pelton Water Wheel Co. 


WIRIrsS AND CABLES 
Brooks-Foilis Electric Corporation 
California Electrical Works 
New York Insulated Wire Co. 
John A. Roebling’s Sons Co. 
The Okonite Co. 
Washburn & Moen Manufacturing Co. 





Central Manufacturing Co., 


CHATTANOOGA, MANUFACTURERS AND DEALERS IN 
—————— = 


(eee ie 


YELLOW PINE 





‘TENN. 


we ee _—~- 


CROSS ARMS 





NEW ADVERTISEMENTS. 


REDWOOD POLES 


For TELEGRAPH 
TELEPHONE 
ELECTRIC LIGHT 
POWER PLANTS 

In Lots and Sizes to Suit-at Short Notice. 


Union Lumber. Company 


*PHONE “MAIN 324,” 


Room 23, OROOKER BLDG., 8. F., UAL. 


WIRE GUARDS 


AND GUARDS TO ORDER FOR 
SPECIAL PURPOSES 


Write for Catalogue 5 


P. R. WAGOR & CO. 


WIRE WORKERS 
Manufacturers and .Jobbers 
275-279 Main St., Springfield, Mass. 


A SMALL ALTERNATOR FOR SALE 


A second-hand 1000-volt, 12% kilowatt alternator, 
frequency 16,000 a. p. m., complete with exciter, belt 
tightener, base frame and an assortment of trans- 
formers aggregating a capacity of 200 16 c. p. lights. 
Also a complete set of castings for a 2-light, 110 
volt bipolar direct current dynamo. The above are 
for sale cheap. 

For further information and pres address 














Care Journal of Electricity, 
San Francisco. 





TRANSACTIONS FOR SALE. 


The transactions of the Pacific Coast 
Electric Transmission Association, Santa 
Cruz and Sacramento Conventions, have 
been bound in paper and are for sale, price 
50 cents, post free. Address 

ROBERT MCF. DOBLE, Secretary 
175 Crocker Building, San Francisco. 











MS ror. THe 


AR 
eRRLONDIRE 


ms be att with 











Sane 


"COAST AGENCY, 


g ee a 
eae Oy New Moztgom- | 
ery St., 


“4 
San Sennsiene. 


v4 Consider—if you can keep the wet out 


2 er, 











Hs: of your rifle it will not rustnor/reeze. Only v 
: Marli t : 
I; Marlin Repeaters | 
"4 have Solid Tops, shedding water likea ¢ 
44 duck’s back. Our 197-page book (just out) hy 
tells all about them. Up-to-date infor- ef 
% mation about powders, black and smoke ry 
™ less; proper sizes, quantities, how to }® 
load; hundreds of buile ts,lead,alloyed, 
3 jacketed, soft-nosed, mushroom, ete. : % 
= trajectories, velocities, penetrations. All 24 
calibres 22 to 45; how to eare for arms and Ne | 
1,000 other things, including many trade 
5 secrets never before given to the public. 5 
& Free if you will se ee aanas postage to $§ 
_ The Marlin Firearms Co., New Haven, Ct. 


I OR A oa Rita 








4 ; 
| 
A 


f 





vi THE JOURNAL OF ELECTRICITY. 


LOCC ae en 


JOHN A. ROEBLINGS SONS CO. 


OFFICE AND WORKS 


TRENTON, NEW JERSEY. 


He He He —- 


WIRE ROPE OF ALL DECRIPTIONS 
SI FOR ALL PURPOSES 





IRON, STEEL, COPPER. BRASS AND 
SILICON BRONZE WIRES 
GALVANIZED TELEGRAPH AND TELEPHONE WIRE 
LEAD ENCASED CABLES 


BARE AND INSULATED ELECTRIC WIRES « 


BB SMS RS a Rohe soe Rs Bs as Rs as Hs hs He HESS 


For Power Transmission, Electric Lighting 


and Street Railway Equipment. 


STAPLES, WIRE NAILS, CUT NAILS, BOX STRAP, 
BALE TIES. 


“Jersey” Galvanized Netting 


IRON, STEEL, BRASS, AND COPPER WIRE CLOTH 
FIRE-PROOF WIRE LATHING, 
GALVANIZED FRUIT DRYING CLOTH, 
PLAIN AND ORNAMENTAL WIRE WORK, ETC. 
CATALOGUES AND PRICES SENT ON APPLICATION CORRESPONDENCE SOLICITED 


— na — Be Pie He - 


BRANCH OFFICES 


117-119 Liberty St. 171-173 Lake St. 32 So. Water Street 
NEW YORK CHICAGO CLEVELAND, O. 


25 and 27 Fremont Street First and Stark Streets 
SAN FRANCISCO PORTLAND, OR. 


5 
a 
ot 
ot 
ot 
so 
ot 
ot 
ot 
ot 
a 
ot 
a 
ot 
ot 
Ct 
3 
ot 
3 
INSULATORS. BRACKETS AND PINS, BARBED WIRE, PANEL FENCING, 
3 
so 
ot 
st 
ot 
ot 
ot 
ot 
ot 
st 
st 
ot 
ot 
ot 
ro 
ot 
rac 


Pb He He he Hs He Hoh Ho Ko Me Ho He He He He Bs He ah 


hE Tee ee ee Oy Eee 






















THE JOURNAL OF ELECTRICITY. 





—THE— 


Pacific Enclose Are Lamp 


(TYPE “A”’) 


Embodies all features requisite to Durability and Successful 
Operation. 


1T IS NOT A LABORATORY MODEL ; 
IT IS COMMERCIALLY PERFECTED 


Lever Clutch. Nickel Dipped.. Unaffected by Dust, Moisture 
or Temperature. 


Absolute Steadiness. Various Designs. Burns 150 Hours. 


Fully described in the ‘Industrial’ Department of the Journal of 
Electricity for May, 1898. 


He He He 


) The Pacific Arc Lamp Company, 


23 STEVENSON STREET, 
SAN FRANCISCO. 


A F BROOKE NIDLE ELECTRICAL ENGINEER 

. 3 and CONTRACTOR « x x x 
222 Market Street 

10 Front Street.. Ss 





San Francisco 





New York INSULATED Wire Co. 


—i- SOLE MANUFACTURERS OF ~—i— 


Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 





> 
WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 


TRADE MaRK. J- R. COLE, Sales Agent—— 71 Flood Building, San FRANCISCO 














As All Should Know, 


—w : 
VON Westinghouse Apparatus does not rely upon Westinghouse Advertisements. 
aN *\ Westinghouse Advertisements rely upon Westinghouse Apparatus. 
Westinghouse Experiments are made in the Westinghouse Works and not on | 







the Westinghouse Customers. 


Westinghouse Electric 8¢ Mig. Co., pitisburg, pa. 


New York, Boston, a ac hia, St. Louis, San Francisco, Buffalo, Syracuse, Atlanta, Tacoma. 
"Cast Ahearn & Soper, Ottawa. Westinghouse Electric Co., Ltd., 





Mountain Electric Co., Denver. For 
32 Victoria St., London. 




















THE JOURNAL OF ELECTRICITY. 





viii 





Biles seine! Seek ge wees CMa ane if mer apn aN SESS a he enamine pean © ame es ae or me) gain. ema erence doses ts i . . — = ™ ™ . ~ . = . - — — _ 
RR SBS ee A a Am. ee ee OR eae > a SOOT GE RT GN RGR eB A Magy, “Ee a Na De SW i a A ee oe oe eee 
ne ea ee ee " EOF LOL EOE TEGO GN! 1 RTT AS RN SETI ST f ORE OL RET pT IIE OE 0 BE EIRENE NT A EE 

















12 and 16 
inch Fan 
Motors... 
Direct ax 
Alternat- 
. ing Cur- 













7 Write for 
Prices... 


annuum 





They are 


BROOKS-FOLLIS ELECTRIC CORPORATION 


623-6525 Mission Street, San Francisco, Cal. 








THE JOURNAL 


OF ELECTRICITY. x 








Che 
Remington 
- Standard 
Cypewriter 


does, and always has 
done, the 


Best Clork 


for the longest time, 
With the least effort 
on the part of the 
operator, and at the 
least expense to the 
owner. 


New Models 
now better than 


ewer before. 


WYCKOFF, SEAMANS & BENEDICT, 
327 Broadway, New York. 














Branch’ House’ 
211 MONTCOMERY STREET 
SAN FRANCISCO, CAL. 





THE PELTON SYSTEM OF POWER 


Represents the highest development yet attained in water 
wheel practice, and affords the most simple, efficient 
and economical means of utulizing 
water for power purposes. 


NINE THOUSAND WHEELS NOW RUNNING, 


Aggregating over 700,000 horse power. Adaption made to all 
conditions and every variety of service. 


ELECTRIC POWER TRANSMISSION 


PELTON WHEELS are the recognized standard for electrical] 
work and are running a majority of the stations 
of this character in all parts 
of the world. 

















Catalogues furnished upon appication. Address, 


THE. PELTON WATER WHEEL CO. 


121 Main Street, SAN FRANCISCO, CAL. 


U Z A. Grothwell, 





Sole Manufacturer... 


4 eservative Paint . 
ectrical Compound 


aterproof Roofing . 
ae uliding apere s 8 
eredo-prooft Pile 
over ng * . . ss» « 8 
Flume Lining. «. « « 


26 Dontsomer) St., - San Francisco, Cal. 





Four Invaluable Books! 


aS 


HAWKINS’ New Catechism of Electricity, just issued, up-to-date 552 
pages, 300 illustrations, . : . : 

HAWKINS’ Aids to Engineers Examinations, with questions and answers, 

HAWKINS’ Maxims and Instructions for the Boiler Room, 7th edition, 

-HAWKINS’ Hand Book of Calculations for Engineers, Firemen and 
Steam Users, twelfth edition, 


NO Engineer or Fireman can 
really afford to be without 
these books. The ‘‘Aids’’ are bound 
in red leather, with gold titles and 
edges, size 54 by 84, weight 13 lbs. 

The ‘* New Catechism of Electricity’’ 
is bound in red leather, pocket book 
form, with title and edges in gold. The 
other two books are bound in silk 
cloth, 6 by 8} inches, weight 2} lbs 
each. The four books form a library 
by themselves. 

This set of books, or any one of 
them, will be mailed to anyone on re- 
ceipt of price. 


Address JOURNAL OF ELECTRICITY, Sta. “M,” San Francisco. 





& 














«--—— DRAWERS OF—> 


IRON, STEEL and 


MANUFACTURERS OF 


BARE and INSULATED 
ELECTRICAL WIRES 





















- Ne a WIRE 



























BARBED NAILS 
BALING ROPE | 
COPPER SPRINGS | 
INSULATED BALE TIES 





a WORKS: WOROESTER, MASS; WAUKEGAN, ILL.; SAN PRANOISOO, CAL. 1 





SAN FRANCISCO OFFICE : SAS ai en i 


8 AND 10 PINE STREET & 
FRANK L. BROWN 


PACIFIC COAST AGENT 











A RARE OFFER 
400 Light Westinghouse Generator for $400 





‘— FCI SS CFO TIE ee ee SR — a teceieieaial a 





eo. EO” AK 


Specifications—W estinghouse multipolar type, 224 kilowatts, 125 volts, 1100 r. p. m., com- 
plete with belt tightener, sliding rails and field rheostat. The armature, field coils and commu- 
tator are of the latest Westinghouse types and have never been used: Guaranteed for one year. 
The generator, which is of the direct current type, may be seen at our salesrooms. 





Brooks-Follis Electric Corporation 
523-525 MISSION STREET SAN FRANCISCO, CAL. 


See ee es ee ee en eee 







When writing advertisers kindly mention ‘The Journal of Electricity.” 


















: “THE JOURNAL OF ELECTRICITY. 


DAILY SAVINGS BANK 


8 : 
et ci aL es 
ah ar, 7 > ¥ 
ign ; ; 














Permanent Longest 
Core Loss Life 
Uniform Regulation 





OUTDOOR TYPE. 


STANLEY © TRANSFORMERS 








SELF MOST 
COOLING ECONOMICAL 
HIGHEST COAL BILLS 

EFFICIENCY REDUCED 





INDOOR TYPE, 


STANLEY ELECTRIC MANUFACTURING CO. 
JOHN MARTIN, PACIFIC COAST AGENT 


300 California Street, San Francisco, Cal. 


WRITE. FOR PRICES aaell 


When writing advertisers kindly mention “The Journal of Electricity.’ 






























> / 
—— } ‘ 
= = ; 5 ¥ I - 
| ye A Zz ; 
an A. a Z 
— “ipa — . & 


AN |LLUSTRATED REVIEW OF THE |NDUSTRIAL [\PPLICATIONS OF FLECTRICITY, GAS AND POWER. 


Vou, V,; No. 9. . San Francisco; Jong, 1898. {ee oes oe ee 




















SINGLE COPIES, - - 1 cents 
THE WESTON STANDARD _ ins 
' ’ Paris Exposition WORLD’S FAIR 
a ee PORTABLE Medal for Medal for 






OB Rubber Insulation 





VOLTMETERS, Rubber Insulation 


Sole Manufacturers of 
AMMETERS and Okonite Tape, Manson Tape, 
WATTMETERS Candee Weather-proof Wires. 


a en THE OKONITE CO., Ltd. 
WESTON ELECTRICAL INSTRUMENT CO, i yueret condeo tyenagers 283 Broadway, 


114-120 WILLIAM ST., NEWARK, N, J. Wh emo so NEW YORK 








Tur WEsTON AMMETER. 








General Electric Company, 


SCHENECTADY, N. Y. 


COMPLETE ELECTRICAL EQUIPMENTS 


For LIGHTING, POWER AND RAILWAY PURPOSES, 
LONG DISTANCE POWER TRANSMISSION, 


PACIFIC COAST OFFICE, Claus Spreckels Building, - - - San Francisco, Cal. 


: When writing advertisers kindly mention ‘‘ The Journal ofElectricity." 























“THE: JOURNAL OF ELECTRICITY. 











YOU CANNOT AFFORD to EXPERIMENT!! 
SATISFACTORY RESULTS EVERY WHERE 


+-“LOCKE” INSULATORS++ 


5,000 to 50,000 Volts. 































Annealed Glass Insulator for 20,000 Volts. 


| j JNO. MARTIN, ee a oe eee SAN. FRANCISCO, CAL. 





CGauoRNIA ExecrricaL Works 


409 MARKET ST., - - San Francisco, Cal. 


AGENTS POR 


Western Electric Go.’s Are and Incandescent Machinery, 
Warren Alternating Current Dynamos, 





Wagner Transformers, Kerite Wire, Helios Lamps, Buckeye Lamps. 








THE WARREN ALTERNATOR. | ELECTRICAL SUPPLIES ‘OF EVERY .DESCRIPTION. 





imitated often es | Never excelled 
Insulating Tape 
D& cy Armature Varnish: 
== Electrical Compound 











MANUFACTURED ONLY BY 


PARAFFINE PAINT co. 


524 So. Broadway, Los Angeles 116 Battery Street, San Francisco 





—_ for our new 1898 Catalogue 
ce } +Mlustrated in colors, taining full 
“4 ‘ } ripeions all our Pianos an 

ya . . a Bey geen we are the 


ual manufact 

& “~ * ‘ sehr ‘exclusively age ig Heeb 
ps Sa ——_ : ; t th for j Bey T °o v 

q ies | Pines EP Allddicmentaprodis edie. “Ee "SRECTAL OF nde nae 
-o§ sige | Py Ca k a3 
ae A paca pte Soe ar ocoael wr warrant ior twenty-five years, om oy eegnited mbavames, Male daltcort ra 
| : eee) purchaser guaranteed. ary TERMS: No Satisfaction, No Pay. 

Joes mem any b Unsckbanas tals pani? or of any ap eaaphes Saat Sone i 


of the moititude of patrons w who have pur. Co-P 
millions of dollars worth bof nage. which an 





= =) 
‘jaded uonwvayy 














» - chased 
ments from us during & Ow CORNISH Piano or rue goad ror noth 
: book “The .. Pull explanation wi estan 12 


Inga thuwsnd Tesené references set {ree | ve 
‘CORNISH & co., | NASHI GTON N'D. a’ 


WARDIRCIUPCT merican J -ianos an PATA. 








When writing advertisers kindly mention ‘The Journal of Bilectricity.}’ 








, 
& 





































THE JOURNAL OF ELECTRICITY. 



























































QUIMBY PROFESSIONAL. 
A.C. ROBBINS, E. £., ME. 
SCREW 531 ALVARADO ST. 
San Francisco - - - Cal, 
i PUMPS Electrical and Mechanical F xperting 
% Patents secured at Eastern prices. 
ate, UNEQUALLED FOR SIMPLICITY AND EFFICIENCY 
ee Adapted for Direct Connection.to Motors for Elevator Service, Oil Refineries, Paper EASTERN CORRESPONDENTS: 
Mills, Mines and Quarries. It Handles Any Thick Material, such as O‘MEARA & CU., Registered Patent Attorneys, 
rt Asphalt, Soap, Syrup, or Other Semi-Liquid to Perfection. Washington, D. C 
is NO PACKING. NO PULSATION. 
On Exhibition at the Showrooms of COBB & HESSELME y ER 
Axi 32 FIRST STREET 
‘ GHAS. C. MOORE & CO. ®*iitimsvecs" | MECHANICAL ENGINEERS 
ae Send for Catalogue and full information 
PX. Telephone “ Black 2403” Rooms 70-71 
Sa San Francisco, Cal. 
9 SIDNEY SPROUT 
] SUPERVISING Electrical Engineer 
a STATION ECONOMICS A SPECIALTY. 
. 421 Market Street - - San Francisco 
4 W. STUART-SMITH 
s MECHANICAL AND ELECTRICAL r 
d aw— ENGINEER 
} c. : Room 26, Sheldon Bldg., San Francisco 
‘ A new edition of the celebrated volume ‘‘ STEAM” has just been issued, and will EDUCATIONAL. 
s be mailed free on application to the BABCOCK & WILCOX CO., 32 First St., —=—= - Bt 
; San Francisco. Send for it. HE ALD’S <= ‘, 
i, 
4 ADVERTISERS’ INDEX. . BUSINESS COLLEGE 
ay ——AND—— 
4 PAGE PAGE SCHOOL OF 
Alexander & Bro., Leo E............ Okonite Company, Ltd., The.. .. ....i ENGINEERING 
m Babcock & Wilcox.. .. .. . » lis Pacific Arc Lamp Co............... vii The Theory and Practice 
ae Brooks - Follis Electric “Corpora of Electrical Engineering are 
tion.. : . viii, ix, xi Paraffine Paint Company, The.. .. _ ii Thoroughly Taught in its 
ad California Electrical “Works eh eee 0g ii Pelton Water Wheel Company Be aace x Electrical Engineering Depart ment 
- Central Manufacturing Co............ v Ridley, A. B. Brooke i ORION BROOKS, Instructor 
i. pera pa eee 20 0 9 9 24 Post Street San Francisco 
BY 4 Chicago Seale Co.....--..---..-.+5-. iii Sa 
B., aie iii Sprout, E. BE. Sydney.... .. .. .. ..iii 
* 0 esselmeyer..............-. ‘ 
Be Cole, John R..... ise os ae ONE ite coach ae ii, xvi SCHOOL OF 
r Pee... ..... .ces s.eedk |, Unhom LumberCo...... PePkehn> oh Cea v PRACTICAL 
7 a OS SIE EA ES ACCT COD ix Van der Nailen School of Electricity . iii * 
= Samra meemeene WO. + s-+--eaceve>----t | Wagor&Oo., P.R.................. v ELECTRICAL ; 
, Heald’s School of Engineering....... ul PBL PLES ESE Civil, Mining and Mechanical Engincer- 
i Knight & Co. Sd eS FC DOOR EKD UE OOROESE eo Vv ing, Surveying, Drawing, Architecture 
\ NS ite Sidi da be deS beri ii Washburn & Moen M’f’g Co.........xi and Assaying—— * 
4 Marlin Fire Arms Co Sew ecceveseveores Vv Westinghouse Electric & M’f’g Co, 3 vii 
* Martin, John...... Sse ii, xvi ‘: No. 933 Market Street 
4 Moore & Co., Chas. C ili Weston Electrical Instrument Co..... i SAN FRANCISCO 
m= PMs peep ernie’ a 
N. Y. Insulated Wire Co., The ..... vii Wyckoff, Siemens & Benedict ........x A. VAN DER NAILLEN, a 
= Send for Circvlais Established 1864 





When writing advertisers kindly mention “The Journal of Electricity.” 











THE JOURNAL OF ELECTRICITY. 


3 THE 2 


Deisel #* Heat % Motor 


“Se lS A Se 


Revolutionizing Invention 


Its Actual Economic Efficiency is from 28 to 30 per cent., against 13 per cent. for the best Steam 
Engines. 


It has Double the Efficiency attainable in the best Steam Engine of the largest size. 
Its Efficiency is 50 per cent. higher than the best Gas Engine. 


It has no Spark or other Mechanical Ignition Device and is Self Starting under Full Load. 





It is of Particular Utility on the Pacific Coast, because: 


Its Most Economical Fuel is Petroleum, which is Cheap, and 


It Double Discounts its Competitor, Steam Power, which is Expensive. 





In other words, the same amount of fuel used in the Deisel Heat Motor will develop more 


than twice as much power than if used with steam engine and boiler. 


Estimate the yearly saving in fuel along that would be made in a manufacturing plant of 
ordinary size and you will be able to determine the field which awaits the Deisel Motor on the 
Pacific Coast. It dispenses with the use of firemen and of steam boilers, pumps, condensers and 
all the auxiliary apparatus used in connection with a steam plant. 





The Undersigned holds the option for the organization of a company to control the Pacific Coast rights 
for the manufacture and sale of the Deisel Heat Motor, and will be pleased to correspond with parties 


who are interested. 





H. E. BOYRIE 


900 Fremont Street - - -  - San Francisco 
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lation guaranteed. 
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World. | 





EXPERIENCE COUNTS in these days of Specialism, and we are acknowledged 
Specialists in the Design and Manufacture of High Tension Transformers of the very Highest 


Grade of Efficiency and Serviceability. 
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CANDEE WEATHER-PROOF WIRES 





THE OKONITE COMPANY, Ltd., 


aes eee \ Managers 253 Broadway, 
Geo. T. Manson, General Superintendent 
W. H. Hodgins, Secretary NEW YORK. 
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ELECTRICAL APPARATUS 
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Claus Spreckels Building, 
SAN PRANCISCO,; CAL, 
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DIRECT CURRENT —— 


ALTERNATING CURRENT 
Fer INDOORS —For OUTDOORS 


Perfect diffusion of light. 
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General Electric Company 


SCHENECTADY, N. Y. 


Worcester Building, 
PORTLAND, OR. 
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* Deisel Heat Motor 


«Revolutionizing Invention 




















Its actual Economic Efficiency is from 28 to 30. per.cent., against 13 per cent. for the best Steam 
Engines, 


It has double the Efficiency attainable in the best Steam Engine of the largest size. 
Its Efficiency is 50 per cent. higher than the best Gas. Engine. 


It has no Spark or other mechanical-ignition device, and is self-starting under full load. 





it is of particular utility on the Pacific Coast, because: 
Its most economical fuel is Petroleum, which is cheap, and ——— 


It double discounts its competitor, steam power, which is expensive. 





In other words, the’same amount of fuel used in the Detset Hear Moror will develop more than 


twice as much power than if used with steam engine and boiler. 


Kstimate the yearly saving in fuel along that, which would be made in a manufacturing plant of 
ordinary size and you will..be able to determine the field which awaits the Diss, Motor 
on the Pacific Coast. It dispenses with the use of firemen and. of steam boilers, pumps, 


condensers and all the auxiliary apparatus used in connection with a steam plant. 





The undersigned holds the option for the organization of a company to control the Pacific Coast rights for the 
manufacture and sale of the Deisel Heat Motor, and will be pleased to correspond with parties who are interested. 








- H.E. BOYRIE 
200 Fremont Street, * % ~ San Francisco, Cat. 
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QUIMBY | 
SCREW 





UNEQUALED FOR SIMPLICITY AND EFFICIENCY. 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper Mills, Mines and 
Quarries. It handles any thick material, such as Asphalt, Soap, Syrup, or other semi-liquid to Perfection. 


NO PACKING. : : : : NO PULSATION. 





On exhibition at the show rooms of 
CHAS. C. MOORE & CO., 


Send for Catalogue and full information. 


32 FIRST STREET 
San Francisco, Cal. 











7 A new edition of the celebrated volume ** STEAM,’’ has just been issued, 
and will be mailed free on applicaticn to the BABCOCK & WILCOX CO., 
32 First street, San Francisco, Cal. Send for it. 


HAND-BOOKS 


—For-- 
Engineers, Eiectricians, Firemen, Etc. 





FoR SALE Py 


The Journal of Electricity 


427 Tenth Ave., 
Send for Catalogue. 


: San Francisco. 
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PROFESSIONAL. 


COBB & HESSELMEYER oman. 
Mechanical Engineers 


MARKET STREET 
Cor. First Street, Rooms 70-71 
TELEPHONE “BLACK 2403.” SAN FRA ‘CISCO, 


SYDNEY SPROUT — oe 
Supervising Electrical Engineer 


STATION ECONOMICS A SPECIALTY, 


421 





421 MARKET ST. SAN FRANCISCO 





EDUCATIONAL. 
HEAL) S BUSINESS 
COLLEGE 


School of Engineering 


Electrical Engineering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
O. H. PACKER. Iustructor. 





24 Post Street, : San Francisco. 





— SCHOOL OF— 


PRACTICAL = * 


EL! CTRICAL, CIVIL, ‘ INING AND MECHANICAL 


* ENGINEERING 


DRAWING, ARCHITECTURE AND 
ASSAYING. 


933 Market Street San Francisco 


A. VAN DER NAILLEN, President 


SURVEYING, 


Send for circulars Established 1864 
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W. W. ROSS 


PRINTER 


320 California Street, San Francisco 
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ELECTRICAL ENGINEERING COMPANY 


34-36 [Main Street San Francicso, Cal. 





DIRECT CONNECTED 
ELECTRIC ELEVATORS 


(Over Seventy a tion in San Francisco no w.) 





These Elevators can be installed reasonably and operated cheaply. 


x ELECTRIG MINING HOISTS A SPECIALTY. x 


For the use of Builders we make an Electric Donkey for sale or rent. 











MINING * PLANTS * INSTALLED *# COMPLETE. 


Dynamos, Motors, Water Wheels, 
. Armatures Re-wound... . 





Pacific Coast Agents for Weston ELectricaL INSTRUMENT COMPANY. 





Fully equipped for all kinds of Tool, Lathe, and Machine Work. 





ELECTRICAL ENGINEERING CO. 


34=36 Main Street, SAN FRANCISCO, CAL. 
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KNIGHT'S -- WATER -- WHEEL 





The acc. mpanying cut shows the general 
arrangement of KNIGHT’S STAND\kD WATER 
WHEEL, of which there ar* HUNDKEDS IN U-sE in 
different States of the Union. 

These wheels are made from 2 to 6 feet in diam- 
eter, from 1” to 1000 horse power. and adapted to 
all heads and purposes. 

Wheels inclosed in iron cases from 6 to 24 inches. 

Wheels for electrical power can be furnished 
with or without Governors. Highest regulation 
guaranteed, 


Address all communications to 


KNIGHT & CO. 
Sutter Creek, Cal. 


For full particulars send for descriptive catalogue. 





BUYERS’ 


Are Lamps 
Brooks-Follis Flectric Corporation 
General Electric Company 
Pacific Are Lamp Company 
Tne John M. Klein Electrical Works 
Westinghouse Electric and M’f’g Co. 
Batteries 
A. F. Brooke Ridl¢y 
Brooks-Follis Electric Corporation 


California El-ctrical Works 
The jobn M. Klein Electrical Works 


Books and Publications 
The Journal of Electricity 


Constructing Engineers 
John Martin 


Dynamos and Motors 
A. E. Brooke Ridley 
Brooks-Follis Electric Corporation 
California Zlectrical Works 
General Electric Company 
John Martin 
Westinghouse Electric and M’f’g Co. 
The John M. Klein Electrical Works 


Educational 

Heald’s Business College 

Van der Naillen’s Schowl of Electricity 
Electrical Engineers 

Sidney Sprout 


Electrical Supplies 
Brooks-Follis Electrical Corporation 
California tlectric»l + orks 
General Electric ‘ ompany 
The John M. Klein Electrical Works 
Westinghouse Elect: ic and M’f’g Co. 


Engines 
Chas. C. Moore & Co. 


Incandescent Lamps 
Brooks-Follis Electric Corporation 
California Electrical Wea 
General Electric Company 
The John MW. Klein Electrical Works 
Westinghouse Electric and M’f'g Co. 


Instruments 


California Electrical Works 
General t lectric Company 
Weston Electrical Instrument Company 





DIRECTORY. 


Insulating Compound 


(2? A. Grothwell 
Brooks-Follis Electric Corpuration 
New York Insulated Wire Company 
Paraffine Paint Company 


Line Materials 


Fred M. Locke 
The John M, Klein Electrical Works 


Mechanical Engineeis 
Cobb & Hesselmeyer 


Mechanical Specialties 
Brooks- Follis |Electric Corporation 


Poles 
Union Lumber Vompavy 


Power Transmission 
General Flectric Company 
Stanley Electric Mannfacturing Company 
Westin; house Electric and M’f’g. Uo. 
Steam Boilers 
The Babcock & Wilcox Company 


Steam Specialties 
Chas. C. Moore & Co. 


Telephunes 
Brooks Follis Electric orporation 
California Electrical Works 
‘he Joun M. Klein Electrical Works 


Transformers 


General Electric Company 
Stanley Electric Manufac: uring Company 
Westinghouse Electric and M'f’g. Co. 


Typewriting Supplies 
Leo E. Alexander & Bro. 


Water Wheels 


Knight & Company 
The relton Water Wheel Company 


Wires and Cables 
Brooks-Follis Ele :tric Company 
California Electrical Works 
New York Insulated Wire Company 
The Okotite Company 
Washburn & Moen Manufacturing Company 





ESTABLISHFD 1879 
INC )RPORATED 1896 








Electrical Works 








IMPORTER, MANUFACTURER, AND DEALER IN 


GENERAL ELECTRIC SUPPLIES 


421 AND 423 MONTGOMERY STREET, 


Telephone “ Main, 389.” 


SAN FRANCISCO, CAL. 


Repwoop Pores 


For TELEGRAPH 
TELEPHONE 
E.ectric Lieat 
Power PLANTS 





In lots and sizes to suit at short notice. 


Union Lumber Company 


TELFPUONE, *“* MAIN 324” 


ROOM 23, CROCKER BUILDING, SAN FRANCISCO 








275-279 Main St., 


WIRE GUARDS 


AND GUARDS TO ORDER 
FOR *PECIAL FURPOS#S. 
Write for Catalogue B 


P.R. WAGOR & CO., 
WIRE WORKERS, 
Manufactures and Jobbers. 
Springfield, Mass. 








175 Crocker Builning, 


TRANSACTIONS FOR SALE. 


The transactions of the Tlacific Coast Electric 


Transmission Association, Santa Cruz and Sacra- 
mento Conventions, have been bound in paper and 
are for sale, price 50 cents, post free. Add:ess 


Gero. P. Low, Secretary, 
San Francisco. 
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dé Consider—it you can keep the wet out 
4 Of your rifle it will not rus(nor/reeze. Only 


|; Marlin Repeaters 

have Solid Tops, shedding water likea 
duck’s back. Our 197-page book (just out) 
tells all about them. Up-to-date infor- 
mation about powders,black and smoke- 
less; past sizes, quantities, how to 
load ; hundreds of bullets, lead, alloyed, 
jacketed, soft-nosed, mushroom, etc. ; 
trajectories, velocities, penetrations. A if 
ealibres 22 to 45; how to care for arms and 
1,000 other things, including many trade 
secrets never before given to the public. 
Free if you will send stamps for postage to § 
The Marlia Firearms Co., New Haven, Ct. M 
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SUBSCRIBE FOR 


THE JOURNAL OF ELECTRICITY 


$1.00 PER YEAR. 


When writing advertisers kindly mention THE JOURNAL OF ELE THICITY. 





vi THE JOURNAL OF ELECTRICITY. 


A. E. BROOKE RIDLEY ='contenctor x i 


222 Market Street 
10 Front Street 


New Yor« INsuLATED Wire Co. 


—i- SOLE MANUFACTURERS OF ~i— 


Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 


WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 








San Francisco 


































Machines ever designed, ™ 
% H P up. 


000-90000000000000000000 


© For Mexico, G. & O, Braniff & Co., 
4 City of Mexico. 

house Electric Co., Ltd., 
ictoria St. , London, 


; 900000 900SDOSTBOOCS 


TRADE mark. J- R. COLE, Sales Agent——_! 71 Flood Building, SAN FRANCISCO 
0000002000000000000000000000000000000000000020000000000000000060°600000000000000000 0000000 
The name of 

‘ . ° HO 

| Direct Current Multipolar re A ea 
; Generators and Motors Westinghouse 
3 Electric & Mig. Co., 
The simplest and most efficient New Yet, Sern Sons Cipcin 
: Line of Direct Current | nian, a Tein” 8 
g = tain Blectric Co., Den 8 
: | Ror Canada, Abts tation ¢ Ottawa 


0000-00 
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on the market. 


INCANDESCENT LAMP} 


For a full aescription of its many p»ints of superiority, see the 
“Industrial”’ columns of this issue of THE JuUURNAL OF ELETRICITY. 





66 wo 
| H b p i ( | } | t =| he oe BEST and CHEAPEST Incandescent Lamp 
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Our Price in barrel lots for 8 to 25 c. p. lamps is 
18 cents 








if shipped direct from the factory. 





PACIFIC COAST ELECTRIC COMPANY, 


Electric Supplies and Construction 


1145 MARKET STREET, (Between Seventh and Eighth) : ' SAN FRANCISCO, CAL. 
Telephone, “South 329” 


When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY. 
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Pacific Enclosed Arc Lamp 


(TYPE ‘‘A”) 


Embodies all the features requisite to Durability and Successful 
Operation. 





IT IS NOT A LABORATORY MoODEL-— 





IT IS COMMERCIALLY PERFECTED 








Lever Clutch. Nickel Dipped. Unaffected by Dust, Moisture or Temperature 
Absolute Steadiness. Various Designs. Burns 150 hours. 


7 Fully described in the ‘‘Iodustrial” De artment of Tae Jouryat or Exvecrriciry, May,’98 





| FOR DETAILED CIACULARS AND PRICES, WRITE 


The Pacific Arc Lamp Company, 


23 Stevenson Street, ; SAN FRANCISCO, CAL. 













OFTEN IMITATED ——-NEVER £XCELLED 


Insulating Tape... 
& Armature Varnish . 


Electrical Compound 











MANUFACTORED ONLY BY 


PARAFFINE PAINT COPIPANY, 


524 South Broadway, Los Angeles 116 Battery Street, San Francisco 


YOU CANNOT AFFORD 10 EXPERIMENT! 


SATISFACTORY Resutts EveERYWHERE 


LOCKE INSULATORS 


5000 to 50,000 Volts. 











Annealed glass in<ulator for 20,000 volts. 


JOHN MARTI PACIFIC COAST AGENT : : : 
. : : 300 CALIFORNIA STREET, SAN FRANCISCO, CAL 
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120a{6inch 
Fan Motors 


Direct and 
Alternating 
Current... 


Write for 
y prices... 
They are 
very low. 


To 
oe ek, 


BROOKS-FOLLIS ELECTRIC CORPORATION 


523-525 Mission Street, San Francisco, Cal. 


When writing advertisers kindly mention?THE JOURNAL OF ELECTRICITY. 
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Che 
Remin gton 
Standard 
Cypewriter 


does, and always has 
done, the © 


Best Glork 


for the longest time, 
With the least effort 
on the part of the 
operator, and at the 
least expense to the 
owner. 


New Models 


* now better than 





ever before, 


WYCKOFF, SEAMANS & BENEDICT, 
: 327 Broadway, New York. 


THE PELTON SYSTEM OF POWER 


Represents. the highest development yet at- 
tained in water wheel practice, and affords the 
most simple, efficient, and economical means 
of utilizing water for power purposes. . . 


NINE THOUSAND WHEELS NOW RUNNING 


Aggregating over 700,000 horse power. Adaption made to 
all conditions and every variety of service. 








ELECTRIC POWER TRANSMISSION 


PELTON WHEELS are the recognized standard for elec- 








trical work, and are running a majority of the stations of 
this character in all parts of the world. 





CATALOGUES FURNISHED UPON APPLICATION, ADDRE-S 


THE PELTON WATER WHEEL CO., 
121 Main Street, SAN FRANCISCO, CAL. 





IMPROVEMENT THE ORDER OF THE AGE. 


iar ““ No. 


SMITH PREMIER TYPEWRITER 


Numbers of important improvements 
which are foundin noother writer. 


GREATEST YET PRODUCED. 





— Branch House— 


2if MONTGOMERY STREET 


SAN FRANCISCO, CAL. 


£@ Write for Nlustrated Catalogue. 
LEO. E. ALEXANDER & BRO., 
SAN FRANCISC>- 
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WASHINGTON, N, J.&< 





THE WARREN ALTERVATOR. 


CALIFORNIA ELECTRICAL WORKS 


409 Market Street, San Francisco, Cal. 





—AVENTS FOR— 


Western Electric Co.'s Arc and Incandescent Machinery, 
% «%% Warren Alternating Current Dynamos ** * 








Wagner Transformers || Kerite Wire | Helios Lamps || Buckeye Lamps 





ELECTRICAL SUPPLIES OF EVERY DESCRIPTION. 
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WE CAN funn Sm tv 
Descniprion or 
anO FVERYTHING 
MANUFACTURED FROM 








c N RANCISCO 
Works DAT f OCG: 











A Rare Offer! 








MeN ELight. 2220. 
Westinghouse Generator for $400 





SpeciFicaTions— Westinghouse multipolar type, 22; kilowatts, 125 volts, 1100 revolutions per 
minute, complete with belt tightener, sliding rails, and field rheostat. The armature, field coils 
and commutator are of the latest Westinghouse types and have never been used. Guaranteed 


for-one year. The generator, which is of the direct current type, may be seen at our salesrooms. 





Brooks-Follis Electric Corporation, 
523-525 Mission Street, - - - - - SAN. FRANCISCO, CAL. 
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“AN UNEQUALED RECORD! 


The Stanley Electric ye | 
Manufacturing Company 


. was the 














FIRST Company to make good Transformers, the 

FIRST Company to make practical the use of Large Transformers, the 

FIRST Company to put into practical use a Polyphase System, the 
i FIRST Company to perfect the Inductor Alternator, the 


FIRST Company to discover the reason for Ageing in Iron and pro- 
vide a remedy, the 


FIRST Company which has conducted an Electrical Manufacturing 
business on lines approved in other manufacturing 
enterprises, the 


| FIRST Company which has had the courage to refuse to make 
cheap apparatus. or sell its product without profit. 





The Stanley Electric Manufacturing Company, 


Pittsfield, TMass., U. S. A. 





JNO. MARTIN 


Vo. Pacific Coast Agent, 








300 California Street, | SAN FRANCISCO, CAL. 









Bi ws Storage tnan Gdison Station. 
Gransmission Proceedings—Conctuded. 
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JAAN [LLUSTRATED REVIEW OF THE JNDUSTRIAL P{PPLICATIONS OF FLECTRICITY. GAS AND POWER. a 





” YEARLY SUBSCR , St. 
Vou. VI.—No. 2. San Francisco, Cat:, Aucust, 1898. cui batten tee Selon 


WEDEO ILLUMINATED. DIAL én 
STATION P ee 
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These instruments are based upon the Fi 
\. same general principle and. are just as SOLE MANUFACTURERS OF a 
accurate as our regular Ss er gate } f 

able Direct Current. Voltmeters an ; he 
able Direct. Current, Voltmeter and’ 1 OKONITE TAPE : MANSON TAPE Me 
bee king parts are arty a area “ie 
esigned dust-proof cast iron case whic 
effectually shields the instrument from CAN DEE WEATH ER-PROOF WIRES it 
disturbing influences of external mag- tit 
netic fields. 4% 
THE OKONITE COMPANY, Ltd., Ht 


WESTON ELECTRICAL INSTRUMENT 00,  Dereae O meng } Managers 253 Broadway. ; f | 


Geo. T. Manson, General Superintendent 


114-120 WILLIAM 8T., NEWARK, N. J., U. 8. A. W. H. Hodgins, Secretary NEW YORK. 


\ ia t 


: 
aN 
Ny 








1893 + 
WORLD’S FAIR 
MEDAL FOR 
RUBBER INSULATION 





























Manufacturers of the . . . 












General. . seine tua. 
Electric. . ELECTRICAL 3 























APPARATUS 


Company = J «= 
| || WORLD. | 














Schenectady, N. Y. 


















°) 

















Claus Spreckels Building, SAN FRANCISCO, CAL. Worcester Building, PORTLAND, OR. 
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» John TA. Klein Electrical Works 


’ Contractors for the Coudtruction of 




































Electric Light Systems, Telegraph and Telephone Lines 


Electric Light, Telephone and “Telegraph Supplies. 


421-423 MontGomery STREET, “7 fretephone, Main 369) 9 San Francisco, Cac. 








PHCENIX =f | : | * 





a Long D istance Telephones for Direct. and Alternating Current Service. 
To meet the demand throughout the country for 1 ng : : 
distance work we have adopted a hew style of telephone 
transmitter and box complete, and of a very neat and st ss es Ff 
38 serviceable pattern combined in @ case T4 x 16 inchs? 4 
We guarantee this set to open as well as any long Greatly Any 
distance set made, wig 
Improved Speed 
a 
Finish by us) in 
1892 
& 3 
B , f 
: Z 
ronze A 
apn First-class 
ye Well Made 
Its Record and 
tells the Handsome 
story Machine 
ce 2 SF Ss * SF. 
: THREE SPEEDS. 











We are Pacific Coast Agents for: 
JaNbus ELectric COMPANY, 
Enclosed. Alternating and Ditect Current Arc Lamps, 


a PARTRICK, CarTeR & . WILKINS, 
| Price, $15.00 Hotel and House Goods. Specialties. 





Instrument comprises Telephone Receiver, Transmitter, 
Induction Coil, Gravity Switch, Magneto Bell, Telephone and M. Kien & SONs, 
Battery Box, all combined in ohe with two cells of battery, Linemen’ S Tools. 


Woodwork finish of case, Polished Oak. Metal, all Nickel , 
‘SUNSHINE INCANDESCENT LAMPS: 


Plated, Liberal discounts to the trade or in large quantities. 








The John: [1. Klein Electrical Works, 
421-423 Montgomery Street, - -  - . gee ig Pie San Francisco, Cal. 
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{UNEQUALED FOR SIMPLICITY AND EFFICIENCY. ~ 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper Mills, Mines and 
Quarries. It handles any thick material, such as Asphalt, Soap, Syrup, or other semi-liquid to Perfection. 


NO PACKING. : : : : NO PULSATION. 





On exhibition at the show rooms of 


CHAS. C. MOORE & CO., 32 FURST STREET 


San Francisco, Cal. 





Send for Catalogue and full information. 





7 A new edition of the celebrated volume “*STEAM,” has just been issued, 
and will be mailed free on applicaticn to the BABCOCK & WILCOX CO., 
32 First street, San Francisco, Cal. Send for it. 
FoR SALE By 


H A ND-BO (} KS The Journal of Electricity 


—For-- 427 Tenth Ave., 
Engineers, Eiectricians, Firemen, Etc. 





San Francisco. 


Send for Catalogue, 
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5% K W “Engine Type” City of Mexibo. Westinghouse Electric Co,, Ltd., 5% K W “Engine Type” 
Generator. 





When writing {advertisers kindly mention THE JOURNAL OF ELECTRICITY. 














THE JOURNAL OF ELECTRICITY. Vv 





KNIGHT'S -- WATER -- WHEEL 


The accompanying cut shows the general 
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WHEEL, of which there ar? HUNDREDS IN U3E in 
different States of the Union. 

These wheels are made from 2 to 6 feet in diam- 
eter, from 1) to 1000 horse power. and adapted to 
all heads and purposes 

Wheels inclosed in iron cases from 6 to 24 inches. 

Wheels for electri al power can be furnished 
with or without iovernors. Highest regulation 
guaranteed, 


Address all communications to 


KNIGHT & CO. 
Sutter Creek, Cal. 
For full particulars send for descriptive catalogue. 
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ELEVATOR, MINING, LIGHTING »’ POWER EQUIPMENTS 


Electrical Engineering Company, 
34-36 Main Street, : : : : 








San Francisco. 


Repwoop Pores 


For TELEGRAPH 
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Power PLANTS 





In lots and sizes to suit at short notice. 
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TELEPUONE, “ MAIN 324” 
ROOM 23 CROCKER BUILDING, SAN FRANCISCO 


WIRE GUARDS 


AND GUARDS TO ORDER 
FOR SPECIAL PURPOSES. 
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P.R. WAGOR & CO., 
WIRE WORKERS, 
Manufactures and Jobbers. 
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The transactions of the Pacific Coast Electric 
Transmission Association, Santa Cruz and Sacra- 
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Gero. P. Low, Secretary, 
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D consiaer—it = ean keep the wet out 
4 Of your rifle it will not rustnorfreeze. Only 


, Marlin Repeaters 


have Solid To Sy shedding water likea 
duck’s back. Our 197-page book (just out) 
tells all about than. Up-to-date infor- 
mation about powders, black and smoke- 
less; proper sizes, quantities, how to 
load’; hundreds of bulle sts, lead, alloyed, 
jac keted, soft-nosed, mushroom, ete. ; 
trajectories, velocities, penetrations. All 
ealibres 22 to 45; how to care for arms and 
1,000 other things, including meny trade 
secrets never before given to the public. 
Free if you will send stamps for postage to 

~The Marlia Firearms Co., New Haven, Ct. 
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™ Storage Batteries 


IN THE 


San Francisco Edison Station 








ARE 


Chloride Accumulators 


built and installed by 


tre Electric Storage Battery Company 








sole manufacturers of the 


TRADE MARK : 


‘“‘Chloride 
Accumulator’”’ 


REGISTERED SEPTEMBER 11, 1894, 





Main office, : : Drexel Building, Philadelphia. 





PACIFIC COAST AGENT, 


A. E. BROOKE RIDLEY, 


222 Market Street : : 10 Front Street 


SAN FRANCISCO, CAL. 
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ALTERNATING CURRENT * »| 
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—FOR-— 
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a Power, | 
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or Special Purposes. 





— 7 COMPLETE MINING EQUIPMENTS 
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“PACIFIC LAMP" 


BEST and CHEAPEST INCANDESCENT Lamp 


on the market. 
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For a full cescription of its many points of superiority, see the 
“Industrial” columns of this issue of THE JOURN \L OF ELECTRICITY. 


Our Price in barrel lots for 8 to 25 c. p. lamps is 


| 8 cents 


Delivered at terminal points if shipped direct from the factory. 





PACIFIG COAST ELECTRIC COMPANY, 


Electric Supplies and Construction 





1145 MARKET STREET, (Between Seventh and Eighth) : SAN FRANCISCO, CAL. 
Telephone, “South 329” 
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SATISFACTORY Resutts EvERYWHERE 
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Annealed glass in-ulator for 20,000 volts. 
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acific Enclosed Arc Lamp 


(TYPE “*A”) 
Embodies.-all the. features requisite to Durability and Successful 


Operation. 





IT IS NOT A LABORATORY MODEL— 





IT IS COMMERCIALLY PERFECTED 








Lever Clutch, Nickel Dipped. Unaffected. by Dust, Moisture or Temperature 





Absolute Steadiness. Various: Designs. Burns 150 hours. 


Fully described in the “Industrial” Department of Tae Jovrnat or Exectricity, May,’98 





FOR DETAILED. CILCULARS AND PRICES, WRITE 


The Pacific Arc Lamp Company, 


. 283 Stevenson Street, F oe ; ; : SAN FRANCISCO, CAL 
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A COMPLETE SYSTEM FOR 


Long Distance Transmission, 
Central Station Distribution, 
Mill and Factory Equipment. 


INDUCTION anp SYNCHRONOUS MOTORS 
INCANDESCENT LIGHTING oe 
ARG LIGHTING anp Lo eo «aia | 
POWER TRANSFORMERS al 


HIGH GRADE 
SWITCHBOARDS. 


















Correspondence Solierted, 
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TWO-PHASE “S) EK. C.” MOTORS. 


Alternating Current He Belted Direct Connected % Single-Phase 
Generators. Engine Type. Two-Phase Three-Phase, 





Stanley Eidlectric Manufacturing Co., 


PITTSFIELD, MASS., U.S. A. 
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iy se Weston Standard: Portable Direct - RUBBER INSULATION RUBBER INSULATION . 
ov Reading | 

VOLTMETERS, MILLIVOLTMETERS, SOLE MANUFACTURERS OF | 
VOLTAMMETERS, AMMETERS, OKONITE TAPE : MANSON TAPE t 


MILLIAMMETERS, GROUND DETECTORS and 


CINCDIT ESTERS, OMMNETERS. CANDEE WEATHER-PROOF WIRES 


Our Portable Instruments are recognized as tae a 


STANDARD “the world over. The SEMI-PORT- - 
ABLE.-LABORATORY STANDARDS ‘are stil! THE OKONITE COMPANY, Ltd., 














( oped gure STATION tg sci ~ AM- Ty Durant Chester, } Managets 253 Broadway, 
PORTABLE “GALYANO- J} are unsurpassed in point of extreme ac- Geo. T. Manson, General Superintendent 
METER. curacy and lowest consumption of energy. WB. Hodgins, Settytacy NEW . YORK 
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Established 1878. ice . Sas a Incorporated 1896 


» John [I. Klein Electrical W orks 


Electric Light Be encase ee and Taicpioiie Lines 


Electric Light, Telephone and Telegraph Supplies. 


4212423 Montacomery. Street, Telephone, Main 389). San Francisco, Cac. 








PHOENIX: fo pete aes 
Long Distance Telephones den Ones oS 


To méet the demand throughout the country for Ing 
dist&nice work we have adopted a new style of telephone 
transmitter aid box complete, and of a yery neat and 
eorviceable pattern combined in a casé 14 x16 inches. 
We guarantes this set to operate as well as any long 
distance set made. 


First-class 
Well Made 
. and 
Handsome 
Machine 


ee 


“THREE SPEEDS. 











We are Pacific-Coast Agents for: 


‘Janpus Evectric CoMPAny,. 
Enclosed Alternating and Direet Current Arc Lamps. 


_PARTRIck CarTER-& WILKINS, 
Price, $15 00 Hotel and House oom Specialties. 


Instrument comprises Telephone: Receiver, Transmitter, M. vine & Sons, 


Indaction Coil, Gravity Switch, Magneto Bell, Telephone and 
Battery Box, all combined-in oné with two. célis of battery. r ool " 
Woodwork finish of case, Polished Oak, Metal, all: Nickel . Linemen’ s T BIS. 


Plated. TN ee eee Sei : Mise uulawe oes LAMPS: 


The John rt. Klein Electrical Works, . 


424-423 Montgomery Street, : . oS. San Francisco, Cal. 


> When writing advertisers kindly mention Taz JOUBNAL OF RUACTRIOIY, 




















Y AND EFFICIENCY. 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper Mills Mines and 
Quarries. It handles any thick material, such as Asphalt, Soap, Syrup, or other semi-liquid to Perfection. 


NO PACKING. ; : : : NO PULSATION. 





On exhibition at the show rooms of 
CHAS. C. MOORE & CO., 


Send for Catalogue and full information, 


32 FIRST STREET 
San Francisco, Cal. 








J#® Atnewjedition of the celebrated volume ‘‘STEAM,” has just been issued, 
and will be mailed free on applicaticn to the BABCOCK & WILCOX CO., 
32 First street, San Francisco, Cal. Send for it. 
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AN UP. TO-DATE ELECIRIGIAN |THE PELTON SYSTEM OF POWER 


rae ae Represents the highest development yet at- 
tained in water wheel practice, and affords the 
most simple, efficient, and economical means 
of utilizing water for power purposes. .. . 
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\" Armature Varnish ee ee nee mate © 
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PELTON WHEELS are the recognized standard for elec- 
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Glectrie Corporation 1.11.00. 
! manuracturers oF FT RCTRICAL APPARATUS 
| one we “wow nt FOR LIGHT AND POWER 


** Churchward’”’ Patents. 














OFFICES: Des Moines, 308 Observatory B’ld’g; St. 
Paul, 207 Newspaper Row; Chicago, 625 Marquette 





B’ld’g; St. Louis, 8.9 Security B’ld’g; Kansas City, ey ae 
W. G. De Celle, Box 89; Dallas, 203 Scollard B’ld’g: Main Office: : : Fort Wayne, Ind. 
New Orleans 145 Carondelet street; Atlanta, 25 Mart- or or 


etta street ; Cincinnati, 402 Neave Building; Pittsburg. 
918 Park Building; Phila‘jelphia, 101-104 Bourse Bldg; San Francisco Office: 


Ww ss 2) - Syracuse, 717 Villaye Memorial Building: New York, 
yp Pre gnin or a pesos ioe ao sae 115 Broadway ; Boston, 60 Equitable Building; Mexico- j 8 SECOND STREET 
¥ , y P 7 American Engineering Company, City of Mexico. ° 





A. E. BROOKE RIDLEY = ‘contractor x 


222 Market Street 
10 Front Street 


New Yor« INSULATED Wire Co. 


—i- SOLE MANUFACTURERS OF —i— 


Grimshaw White Core, Raven White Core, Grimshaw Tapes and Splicing Compound, Competition 
Line Wire, Competition Tape, Lead Covered and Submarine Cables, Bicycle Tape. 


+o 





San Francisco 














SA : WRITE AND GET OUR PRICES BEFORE PURCHASING ELSEWHERE 
TRADE mark. J- R. COLE, Sales Agent——_. 71 Flood Building, SAN FRANCISCO 








Our Products are the Standard of Quality. 




















Direct Current Our Tesla Polyphase Self-Cooling 
Dust Proof Direct-Connected a Transformers, 
Motor. Generators ih es wt 

3 i Are Adopted ed 10,000 H.P. in Buf- 
: f ~ ey vi by All The Only Motors falo and Tonawanda 
Same General Design [23% 74 Supplying Alone Employed in 

as the Westinghouse Requiring the Niagara Power the Utilization of 

Multipolar Motors. BEST. in Buffalo. Niagara Power. 

New York, Atlanta, Austin, Boston, Buffalo, Chicago, Cincinnati, 





& Mfg: Co., Speuming re St. Louis, San Francisco, Syracuse, Tacoma. 


e 2 . ™ 
Westinghouse Electric pitas. pa. o.oo 


Westinghouse Electric Co., Ltd., 32 Victoria 8t., London. 
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KNIGHT'S -- WATER -- WHEEL 


The accompanying cut shows the general 
arrangement of KNIGHT'S STAND\KD WATER 
WHEEL, of which there ar: HUNDKEDS IN [P E in 
different states of the Union. 

‘these wheels are made from 2 to 6 feet in diam- 
eter, from lv to 1000 horse power, and adapted to 
all heads and purposes, 

Wheels inclosed in iron cases from 6 to 24 inches. 

Wheels for electrical power can be furnished 
with or without Governors. Highest regulation 
guaranteed, 


Address all communications to 


KNIGHT & CO. 
Sutter Creek, Cal. 


For full particulars send for descriptive catalogue. 
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Are Lamps 


Brooks-Follis Electric Corporation 

General Electric Company 

Pacific Are Lamp Company 

Tne John M. Klein Electrical Works 

Westinghouse Electric and M’f’g Co. 
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, A. F. Brooke Ridley 
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ELECTRICAL grag COMPANY 


34-36 Main ee, : 


San Francisco. 


ANUFACTURE and install direct current machinery 
of all descriptions for every character of service 








34-36 Main Street, $ : 






ELEVATOR, MINING, LIGHTING. POWER EQUIPMENTS 


Electrical Engineering Company, 


: : San Francisco. 


When writing advertisers kindly mention THE JOURNAL OF ELECTAICITY 





Repwoon Poues 


For TELEGRAPH 
TELEPHONE 
Exvecrric Liert 
PowER PLANTS 





In lots and sizes to suit at short notice. 


Union Lumber Company 


TELEPHONE, “‘ MAIN 324”’ 
ROOM 23, CROCKER BUILDING, SAN FRANCISCO 


WIRE GUARDS 


AND GUARDS TO ORDER 
FOR SPECIAL PURPOSES. 
Write for Catalogue B 


P. R. WAGOR & CO., 
WIRE WORKERS, 
Manufactures and Jobbers. 
275-279 Main St., Springfield, Mass. 














TRANSACTIONS FOR SALE. 


The transactions of the [facific Coast Electric 
Transmission Association, Santa Cruz and Sacra- 
mento Conventions, have been bound in paper and 
are for sale, price 50 cents, post free. Address 

Gro. P. Low, Secretary, 
175 Crocker Building, San Francisco. 
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, COAST AGENCY, 


wind a 


No. 169 
Marr. TiO. New Mortgom- 
iw «yh, 


San Francisco, 


#4 aPC if you can keep the wet out 
iis Of your rifle it will not rus(norfreeze. Only 


l; Marlin Repeaters 


have Solid Tops, shedding water like a 
duck’s back. Our 197 -page book (just out) 
tells all about them.” Up-to-date infor- 
mation about powders, black and smoke 
less; proper sizes, quantities, how to 
load’; 1ndreds of buile “ts, le ad, alloyed, 
jac kete d, soft-nosed, mushroom, ete 
trajectories, velocities, penetrations. All 
calibres 22 to 45; how to care for arms and 
1,000 other things, including meny trade 
secrets never before given to the public. 
Free if you will send stamps for postage to 
The Marlin Firearms Co., New Haven, Ct. 


EALERTS 














MEESE & CRADDOCK 


( Incorporated ) 


-_——~_Printers.. 


We do the PRESSWORK 
on this Journal 


BROWN, 


419 Sacramento St. 
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548 Mission Street, 7 | 





Telephone, Red 2406 
San Francisco, Cal. 





Electric, —— 
Railway ar. 
Manufacturers’ 
Supply Company 










































PACIFIC COAST AGENTS FOR 
0. A. Schoonmaker Vulcanized Fibre Company 
Ohio Brass Company Massachusetts Chemical Company 
Eureka Tempered Copper Works Solar Carbon and Manufacturing Company 
Bradford Belting Company. 
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ALTERNATING CURRENT * »] 
WALKER, _- * GENERATORS! 


—FOR- 


SINGLE, TWO oR THREE Dust | 


40 or 60 CYCLES. 











—— Lighting, 
Railways, 

m Power, 
or Special Purposes. 


z , ” COMPLETE MINING EQUIPMENTS 
THE eniodeny COrIPANY, 


GENERAL AGENTS. 38-44 Fremont Street, San Francisco. 
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("ALIFORNIA FLECTRICAL WW ORKS 


409 Market Street, San Francisco, Cal. 
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—AGENTS FOR— 


Western Electric Co.’s Arc and Incandescent Machinery, 
3 3% Warren Alternating Current Dynamos ** * 


Wagner Transformers || Kerite Wire i Helios Lamps || Buckeye Lamps 











TOU. CANNOT AF, TO EXPERIMENT 


- SatTisFacrory Resutts EverywHERE 


LOCKE’ INSULATORS 


5000 to 50,000 Volts. 











Annealed glass insulator for 20,000 volts. 


JOHN MARTIN PACIFIC COAST AGENT : : : 
: +: 300 CALIFORNIA STREET, SAN FRANCISCO, CAL. 
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| | WUNDELL MOTORS 

| STERLING VARNISH 
PHOENIX BATTERIES = | 
cma TELEPHONES 
FOSTORIA «> SAWYER-MAN LAMPS 


and a full line of Electric Lighting, Power and 


Transmission Supplies of every description. 


BROOKS POLLIS fit 


523-525 Mission Street, San Francisco. 
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LEO. E. ALEXANDER & BRO., 
oO 
Filum 


GREATEST YET PRODUCED. 
A. Grothwell, 
Sole Manufacturer... 
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327 Broadway, New York. 


— Branch House— 
MONTGOMERY STREET 
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Standard 

does, and always has 

done, the 

Best Gork 

for the longest time, 

With the least effort 

on the part of the 

operator, and at the 

SAN FRANCISCO, CAL. 


least expense to the 


owner. 
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New Models 
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THE 


* Pacilie Enclosed Arc Lamp 


~ 








Embodies all the features requisite to Durability and Successful 
. Operation. | 





IT IS NOT A LABORATORY MODEL— 





IT IS COMMERCIALLY PERFECTED 








Lever Clutch. Nickel Dipped. - Unaffected by Dust, Moisture or Temperature 
Absolute Steadiness. Various Designs. Burns 150 hours. 


Fully des¢ribed in the “Industrial” Department of Tue Jovurnat or Etecrriciry, May,’98 





FOR DETAILED CILCULARS AND. PRICES, WRITE 


The Pacific Arc Lamp Company, 


23 Stevenson Street, - ; ; : : ; . SAN FRANCISCO, CAL 
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Long Distance by vines 
Central Station Distribution, 
Mill and Factory Equipment. 


GENERATORS WILL BE WOUND AND GUARANTEED FOR ANY E. M. F. UP TO 10,000 VOLTS. 





~ 
i 


INDUCTION ann SYNCHRONOUS MOTORS 
INCANDESCENT LIGHTING 
ARG LIGHTING anp 


POWER TRANSFORMERS 


HIGH GRADE 
SWITCHBOARDS. 















Correspondence Solicited, 





ae! 


1 WO-PHASE “S. K, GC.” MOTORS. 


Alternating Current * es Direct, Connected : He Single-Phase 
Generators. Engine Type. Two-Phase Three-Phase. 





Stanley Bloctric Manufacturing Oe 


PITTSFIELD, spe U.S.A. 





Ji NO. Martin, Pacific Coast Agent, 


300 CALIFORNIA STREET, ne i sy San Francisco, Cal. 
chroma esate: ae mention Tm JOURRAL OF ELEORNIGT. 
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Glectricity in the 
Schilling Sardens. 






JAN |LLUSTRATED REVIEW OF THE [NDUSTRIAL J{PPLICATIONS OF ELECTRICITY. GAS AND POWER. 











YEARLY SUBSCRIPTION, $1.00 
SINGLE COPIES, - 10 CENTS 


Vou. VI.—No. 4. SAN FRANCISCO, CAL., OCTOBER, 1898. 


















ELECTRICAL INSTRUMENT CO., 1889 1893 
114-120. William 8t., a WORLD’S FAIR 
NEWARK - - - N.Jd., U.S.A. Sate ‘ised, 708 
Pena Weston Standard fortable Direct RUBBER RUBBER 
sosennnn : Reading INSULATION RIDE MAAK N INSULATION 
oO Gee? 
~ VOLTMETERS, MILLIVOLTMETERS, SOLE MANUFACTURERS OF 
VOLTAMMETERS, AMMETERS, 
MILLIAMMETERS, OKONITE TAPE ° MANSON TAPE 


GROUND DETECTORS and CIRCUIT 
TESTERS, OHMMETERS, 
PORTABLE GALVANOMETERS. 
Our Portable Instruments. are Recognized as the STANDARD the 


CANDEE WEATHER-PROOF WIRES 





THE OKONITE COMPANY, Ltd., 


world over, The SEMI-PORTABLE LABORATORY STANDARDS are wae S. Candee } sekeiindes 253 Broadway 
ape - 7 . Durant Cheever age ’ 
still better. Our STATION VOLTMETERS and AMMETERS are unsur Geo. T. Manson, General Superintendent 
passed in point of extreme accuracy and lowest consumption of energy. W. H. Hodgins, Secretary NEW YORK 
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THE 
STANDARD 


(jeneral Transformers ® @® ee 
EI ectric Lightning Arresters | 


Motors ® @ ® 
Company | [_ mie 


Schenectady, N. Y. All Electric Arc Lam ps &® &® 


e—©S Supplies. . . 









































Stas t-te mee FRANCISCO, CAL. yy Ke Incandesce nt Lamps 


Worcester Building, PORTLAND, OR. Rte Nin. Wen, f 


























When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY. 














ee il See Soe 








ii THE JOURNAL OF ELECTRICITY. 





Established 1878. Incorporated 1896 


» John [1], Klein Electrical Works 


Contractors for the Construction of 


Electric Light Systems, Telegraph and Telephone Lines 


Electric Light, Telephone and Telegraph Supplies. 











421-423 Montaomery Street, (Telephone, Main 389) San Francisco, CAt. 
PHCENIX : 
ong istance Te epnones for Direct and Alternating Current Service. 
To meet the demand throughout the country for long 
distance work we have adopted a new style of telephone 
transmitter and box complete, and of a very neat and et SF Ss e Fs 
serviceable pattern combined in a case 14 x 16 inches. 
We guarantee this set to operate as well as any long Greatly Any 
distance set made. 
Improved Speed 
wt ed 
High Introduced 
Finish by us in 
8892 
J 
o J 
ronze A 
Fittings First 
a Well Made 
Its Record and 
tells the Handsome 
story Machine 
et 8 ee ae 
THREE SPEEDS. 











We are Pacific Coast Agents for: 
Janpus ELectric ‘Company, 
Enclosed Alternating and Direct Current Arc Lamps. 


PARTRICK, CARTER & WILKINS, 
Hotel and House Goods Specialties. 





Price, $15.00 


Instrument comprises Telephone Receiver, Transmitter, *» 
Induction Coil, Gravity Switch, Magneto Bell, Telephone and M . K LEIN & SON S, 
Battery Box, all combined in one with-two cells of battery. : ; 
Woodwork finish of case, Polished Oak, Metal, all Nickel Linemen’s Tools. 
Plated. Liberal discounts to the trade or in large quantities. 


SUNSHINE. INCANDESCENT LAMPS. sy 





The John [1. Klein Electrical Works, 


421-423 Montgomery Street, . . : : . : San Francisco, Cal, 
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UNEQUALED FOR SIMPLICITY AND EFFICIENCY. 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper Mills Mines and 
Quarries. It handles any thick material, such as Asphalt, Soap, Syrup, or other semi-liquid to Perfection. 


NO PACKING. 


On exhibition at the show rooms of 


NO PULSATION. 


fa, c. TOG & Co, Seer eemaer 


San Francisco, Cal. 





Send for Catalogue and full information, 





tht BABUULK e“ 





7 Atnew;fedition of the celebrated volume ‘‘ STEAM,” has just been issued, 
and will be mailed free on applicaticn to the BABCOCK & WILCOX CO., 
32 First street, San Francisco, Cal. 


Send for it. 





HAND-BOOKS 


—For-- 


Engineers, Eiectricians, Firemen, Etc. 


For SALE By 


The Journal of Electricity 


427 Tenth Ave., : San Francisco. 


Send for Catalogue. 
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PROFESSIONAL. 


COBB & HESSELMEYER eee 


MECHANICAL AND 
HYDRAULIC ENGINEERS 


421 MARKET STREET 


TELEPHONE “BLACK 2403.” SAN FRANCISCO. 


SYDNEY SPROUT ue 
Supervising Electrical Engineer 


STATION ECONOMICS A SPECIALTY. 





421 MARKET ST. SAN FRANCISCO 





EDUCATIONAL. 
HE i l)'S BUSINESS 
COLLEGE 
~— AN])—— 


School of Engineering 


Electrical Engineering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
O. H. PACKER, Instructor. 


24 Post Street, San Francisco. 





— SCHOOL OF— 


PRACTICAL = * 


ELECTRICAL, CIVIL, MINING AND MECHANICAL 


* ENGINEERING 


SURVEYING, DRAWING, ARCHITECTURE AND 
ASSAYING. 
933 Market Street San Francisco 
A. VAN DER NAILLEN, President 


Send for circulars Established 1864 
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W. W. ROSS 
PRINTER 
320 California Street - San Francisco 
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The accompanying cut shows the general 
arrangement of KNIGHT’S STANDAKD WATER 
WHEEL, of which there are HUNDREDS IN USE in 
different - tates of the Union. 

These wheels are made from 2 to 6 feet in diam- 
eter, from 10 to 1000 horse power. and adapted to 
all heads and purposes 

Wheels inclosed in iron cases from 6 to 24 inches. 

Wheels for electrical power can be furnished 
with or without -overnors. Highest regulation 
guarantee | 





Address all communications to 


KNIGHT & CO. 
Sutter Creek, Cal. 


For full particulars send for descriptive catalogue. 





BUYERS’ 
Are Lamps 


Brooks-Follis Electric Corporation 

General Electric Company 

Pacific Are Lamp Company 

Tne John M. Klein Electrical Works 

Westinghouse Electric and M’f’g Co. 
Batteries 

A. E. Brooke Ridley 

A. I. Neisser 

Brooks-Follis Electric pees 

California Electrical Work: 

The John M, Klein Electrical Works 
Books and Publications 

The Journal of Electricity 
Constructing Engineers 

John Martin 
Dynamos and Motors 

A. E. Brooke Ridley 

Brooks-Follis Electric Corporation 

California Electrical Works 

Electrical Engineering Company 

General Electric Company 

John Martin 

Westinghouse Electric and M’f’g Co. 

The John M. Klein Electrical Works 
Educational 

Heald’s Business College 

Van der Naillen’s School of Electricity 
Electrical Engineers 

Sidney Sprout 
Electrical Supplies 

A. I. Neisser 

Brooks-Follis Electrical Corporation 

California Electrical Works 


Electric, Kailway and Manuf'rers’ Supply Co. 


General Electric Vompany 

The John M. Klein Electrical Works 

Westinghouse Electric and M’f’g Co 
Engines 
Chas. C. Moore & Co. 
Incandescent Lamps 

A. I, Neisser 

Brooks-Follis Electric Corporation 

California Electrical Works 

General Electric Company 

The John M. Klein Electrical Works 

Westinghouse Electric and M’f’g Co. 
fostruments 

California Electrical Works 

General Electric Com y 

Weston Electrical Instrument Company 
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Insulating Compound 
A. Grothwell 
A. I. Neisser 
Brooks-Follis Electric Corporation 
New York Insulated Wire Company 
Paraffine Paint Company 
Line Materials 
A. I, Neisser 
Fred M. Locke 
The John M, Klein Electrical Works 
Mechanical Engineers 
Cobb & Hesselmeyer 
Mechanical Specialties 
Brooks-Follis Electric Corporation 
Poles 
Union Lumber Company 
Power Transmission 
Electrical Engineering Company 
General Electric Company 
Stanley Electric Mannfacturing Company 
Westinghouse Electric and M’f’g. Co. 
Railway Supplies 
Electric, Railway and Manut’rers’ Supply Co. 
Steam Boilers 
The Babcock & Wilcox Company 
Steam Specialities 
Chas. C, Moore & Co. 
Telephones 
A. I. Neisser 
Brooks-Follis Electric orporation 
California Electrical V orks 
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Transformers 
General Electric Company 
Stanley Electric Manufacturing Company 
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Typewriting Supplies 
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The Okonite Company 
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bLECTRICAL = (OMPANY 


34-36 Main Street, 


: San Francisco. 


M*™ UFACTURE and install direct current machinery 
of all ssa: for every character of service 


ELEVATOR, MINING, LIGHTING «° POWER EQUIPMENTS 


Electrical Engineering Company, 


34-36 Main Street, : 


: San Francisco. 
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KNIGHT'S -- WATER -- WHEEL! ] 


Repwoon Poues 


For TELEGRAPH 
TELEPHONE 
Exvectric Licut 
Power PLANTs 





In lots and sizes to suit at short notice, 


Union Lumber Company 


TELEPHONE, “ MAIN 324” 
ROOM 23, CROCKER BUILDING, SAN FRANCISCO 


WIRE GUARDS 


AND GUARDS TO ORDER 
FOR SPECIAL PURPOSES. 
Write for Catalogue B 


P.R. WAGOR & CO., 
WIRE WORKERS, 
Manufactures and Jobbers. 
2775-279 Main St., Springfield, Mass. 














TRANSACTIONS FOR SALE. 


The transactions of the Pacific Coast Electric 
Transmission Association, Santa Cruz, Sacramento 
and San Francisco Conventions, have been bound in 
paper and are for sale price 50 cents each, post free. 
Address, 


Gero. P. Low, Secretary, 
175 Crocker Building, San Francisco. 
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4 Consider —it vou ean keep the wet out 
of your rifle it 1 not rustnorfreeze. Only 


Marlin — 


have Solid Te shedding water likea 
duck’s back. Our 197-page book (just out) 
tells all about them. Up-to-date infor- 
mation about powders, black and smoke- 
less; proper sizes, quantities, how to 


I 
P 
¢ load; hundreds of bullets, lead, alloyed, 
} 


=; 


/ 
‘ 


jackete dl, soft-nosed, mushroom, etc. ; 
tra ectories, velocities, penetrations. All 
ealibres 22 to 45; how to care for arms and 
1,000 other things, including many trade 
secrets never before given to the public. 
you will send stamps for postage to 
lia Firearms Co., New Haven, Ct. 





ima Vree } 
EA The 


Cee 


5 
4 
OF IE af q en. % 
Deets phe em Ae ee ons = 


F 





BROWN, MEESE & CRADDOCK 


( Incorporated ) 


-—_——~_Printers.. 


We do the PRFSSWORK 
on this Journal 


419 Sacramento St. 
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WATCH THIS CAR ee | THE PELTON SYSTEM OF POWER 


Represents the highest development yet at- 
tained in water wheel practice, and affords the 


most siniple, efficient, and economical means 
FOR SPECIAL of utilizing water for power purposes. .. . 


























A. L NEISSER NINE THOUSAND WHEELS NOW RUNNING 
ANNOUNCE iets wea St 
+f EF me J. Teme a i te ey 

. ELECTRIC POWER TRANSMISSION 
Los Angeles, Cal. PELTON WHEELS are the recognized s andard for elec 
trical work, and are running a majority of the stations of 
MENTS!! | AGENT this character in all partsof the world. . ..... . 
Central Electric Company, : — 
: CATALOGUES FURNISHED UPON APPLICATION. ADDRESS 
= Chosen, 1: THE PELTON WATER WHEEL CO., 

121 [Main Street, SAN PRANCISCO, CAL. 





AN UP: 10 DATE ELECTRICIAN 





+ 3 $ : : always uses 


A. Grothwell, 


Insulating Tape Sole Manufacturer... 

Armature Varnish Sowrlcal Gompoun 
de Baling tones 

Electrical Compound eredo-proot Pile 


over . 
lume ‘ining : eee 





because he wants the best! 


26 Montsomer) St., - San Francisco, Cal. 








If your dealer doesn’t have it in steck, write to 


PARAFFINE PAINT CO., 116 Battery Street, San Francisco. 


A. E. BROOKE RIDLEY = costeactor 


222 Market Street 
* 
10 Front Street 


New York InNsuLatep Wire Co. 


—i— SOLE MANUFACTURERS OF —— 


GRIMSHAW Watre Cort Wire GRIMSHAW Btuack anp Wuire Tapes We make a specialty 











San Francisco 




















RAVEN Warre Core Wire GRIMSHAW Spuictna Compounp of large C. M. cables 
RAVEN Brack Core Wrre COMPETITION Brack anp Wuire Tapes and Leaded cables 

COMPETITION Lixe Wire COMPETITION Spuictne Compounp for any voltage. 
TRADE MARK. Write for Pricee. JOHN R. COLE, Sales Agent, 71 Flood Building, SAN FRANCISCO. 
The Most Perfect Motors for Economical Power Service. 
y Tesla Polyphase Direct Current 
a Induction Motor. a Dust Proof 
mney 
: a Multipolar Motor. : 
e a .¥ e 
2 Vn uy Bee vest eT ee aN : 
x Niagara Power * as the Westinghouse x 
in Buffalo. Multipolar Motors. x 
New York, Atlanta, Austin, Boston, Buffalo, ae Cincinnati, ¢ 
& Mfg. Co Philadelphia, St. Louis, San Franci ° 





e 4 . *?. Syr O 
Westinghouse Electric pauses, me. Zoeerne ene ee 


Westinghouse Electric Co., Ltd., 32 Victoria 8t., London. 
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(SALIFORNIA ELECTRICAL VV ORKS 


409 Market Street, San Francisco, Cal. 





— AGENTS FOR— 


Western Electric Co.’s Arc and Incandescent Machinery, 
% «% Warren Alternating Current Dynamos * * 


Wagner Transformers || Kerite Wire || Helios Lamps || Buckeye Lamps 











YOU CANNOT AFFORD. 10 EXPERIMENT! — 


SaTISFACTORY ResuLtts EveERYWHERE 


LOCKE INSULATORS 


5000 to 50,000 Volts. 














Annealed glass ineulator for 20,000 volts. 


JOHN MARTIN er ger aire pestis STREET, SAN FRANCISCO, CAL. 
Fort Wayne we 





manuractrsers OF ELECTRICAL APPARATUS 
Vader the “woos” od HOR LIGHT AND POWER 








OFFICES: Des Moines, 308 Observatory B’ld’g; St. 





Paul, 207 Newspaper Row; Chi-ago, 625 Marquetie Main Office: : :. Fort Wayne, Ind. 
B’ld’g; St. Louis, 8 9 Security B’ld’g; Kansas City, sz St RS 

W. G. De celle, Box 89; Dallas, 203 Scollard B’ld’g: Y > 

New Orleans 145 Carondelet street; Atlanta, 25Mari- San Francisco Office: 

etta street ; Cincinnati, 402 Neave Building; Fittsburg. 

918 Park Building; Phila ‘telphia, 101-104 bourse Bldg; 18 SECOND STREET 
Syracuse, 717 Villaye Memorial Building New York, ag 
115 Broadway ; Boston. 60 Equitable Building; Mexico- We have on hand 1000-volt, 10 and 20-light 
American Engineering «ompany. City of Mexico. transformers for vale at verylow prices 





400 Light « + + . 
Westinghouse Gareraice for $400 


Sprcirications—Westinghouse multipolar type, 22) kilowatts, 125 volts, 1100 revolutions per 
minute, complete with belt tightener, sliding rails, and field rheostat. ~The armature, field coils 
and commutator are of the latest Westinghouse types and have never been used. Guaranteed 
for one year. The generator, which is of the direct current type, may be seen at our salesrooms. 








Brooks-Follis Electric Corporation, 
523-525 Mission Street, - - - - SAN Francisco, CAL. 
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LUNDELL MOTORS 
STERLING VARNISH 
PHOENIX BATTERIES 
cant TELEPHONES 


FOSTORIA “© SAWYER-MAN LAMPS 


and a full line of Electric Lighting, Power and 
sion Supplies of every descriptio 


BROOKS FOLLIS tg 


523-525 Mission Street, San Francisco. 
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GREATEST YET PRODUCED. 
LEO. E. ALEXANDER & BRO., 


SMITH PREMIER TYPEWRITER 
@@-W rite for Mlustrated Catalogue. 


IMPROVEMENT THE ORDER OF THE AGE. 
Numbers of my pte improvements 
which are foundin noother Typewriter. 
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Remington 


‘you Sz°fg oq “SUT EAZSNY] OST “YROID ‘OAg 


FRANCISCO, CAL. 





327 Broadway, New York. 
— Branch House— 


MONTGOMERY STREET 
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Cypewriter 


does, and always has 


done, the 


Standard 
Best ork 


for the longest time, 
With the least effort 
on the part of the 
operator, and at the 
least expense to the 
WYCKOFF, SEAMANS & BENEDICT, 


owner. 
now better than 





New Models 


Zit 
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WE CAM fFuRmne oe every 
monet oF, 
ano PUP. 0.00 
MANUFACTURED FROM 














PACIFIC COAST 


SAN FRANCISCO AA aoe 














PAGIFIG ENCLOSED ARC LAMP 


Embodies all the features requisite to durability and successful 

operation. It is not a laboratory model—it is commercially 

perfected. Absolute steadiness. New designs. Burns 150 hours. 
Write for new Bulletin No. 2. 


“HARDY” INCANDESCENT LAMPS 


1000 hours life from 3.5 watt lamps, full initial candle-power at 
500 hours. Any en eke 45 to 125. Volts inclusive, 3, 3.5, or 
4 watts : ‘ ; : 18 cents each, barrel lots. 
200 to 250 volts, ‘16 céndle~power. 25 cents each. Special 
lamps, colored lamps, from 8 to 100 candle-power. Special prices 
for large quantities and yearly contracts. Try a sample order. 


K. & W. COMMUTATOR COMPOUND 


Will stop the sparking and give the commutator a fine, smooth 
STYLE 200. hard surface. Tryastick. 25 cents each. $2.50 per dozen. 








Pacific Arc Lamp Company : 
23 STEVENSON STREET, San Francisco, Cal. 
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tee S.K.C. SYSTEM 


A COMPLETE SYSTEM FOR 


Long Distance T’ransmission, 
Central Station Distribution, 
Mill and Factory Equipment. 


GENERATORS WILL BE WOUND AND GUARANTEED FOR ANY E. M. F. UP TO 10,000 VOLTS, 





INDUCTION ann SYNCHRONOUS MOTORS 
INCANDESCENT LIGHTING 
ARC LIGHTING anp 


POWER TRANSFORMERS 


HIGH GRADE 
SWITCHBOARDS. 














Correspondence Solicited, 





‘1 WO-PHASE “8S. KE. C.” MOTORS. 


Alternating Current ea Belted Direct Connected 3. Single-Phase 
Generators. Engine Type. Two-Phase | Three-Phase. 





Stanley Electric Manufacturing Co., 
PITTSFIELD, MASS., U.S A. 





JNO. MARTIN. Pacific Coast. Agent, 
300 CALIFORNIA STREET, San Francisco, Cal. 
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AN [LLUSTRATED REVIEW OF THE |NDUSTRIAL. [\PPLICATIONS OF ELECTRICITY, ‘GAs AND PowER. 





Vor. VI. No. 5. San FRANcsco, CaL., NovEMBER, 1898. {Yeaiuy Sunscusrr0% {81.0 














€) ILLUMINATED DIAL 1889 i893 
- STATION PARIS. EXPOSITION WORLD'S FAIR gf 
MEDAL FOR MEDAL FOR 
: NSTRU MENTS RUBBER RUBBER 
These instruments are based upon the INSULATION & “i INSULATION Ry 
\ game géneral principle and are just as 
} accurate as our regular Standard Pert- SOLE MANUFACTURERS OF 





able _Direct.-Current - Voltmeters. and i 
Ammeters, but'are much largerand the & QKONITE TAPE : MANSON TAPE | 
far king parts are ben sts a — i 
esigned dust-proof cast iren case whic . i 
effectually shields. the instrument from CANDEE WEATHER=PROOF WIRES i 
eee influences of external mag- ff 
netic fields. 











THE OKONITE -COMPANY, Ltd., 


} . WESTON ELECTRICAL INSTRUMENT 00, yayit ce ume ss igen i 


) , 114-120 WILLIAM 8T., NEWARK, NW. J., U. 8. A. Geom ae NEW YORK 
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4 
| DYNAMOS oo COMPLETE PLANTS ; 
4 } 
rot ALL BLBOTRIG SERVICES % 
: ; Lighting, Raitway, [lill, Factory or ining, Power Transmission. ; 
; The GREATEST BLaérnc” INSTALLATIONS in the world are ; i 
% EQUIPPED WITH G. E. APPARATUS. 
: / : 6a RI ee ees Pe LT em i 
is % i ' Claus Spreckels Building, Worcester Building, y 
ei if 1000 H, P; DYNAMO ‘ SAN PRANCiSCO, CAL. PORTLAND, OR. ti 
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* John M1. Klein Electrical Works 


Contractors for the Construction of 


Electric Light Bost Telegraph and Telephone Lines 


Electric Light, Telephone and Telegraph Suiipliv. 


421-423 Montaomeéry Street, 


(Telephone, Main 389) San Francisco, CA. 


PHCENIX = ory een 
Long Distance Telephones | s U N SHEN E 


To meet the demand throughout the country for long 














distance work we have adopted a new style of telephone 


transmitter and box complete, and-of a very neat and Incandescent Lamps 
serviceable pattern combined in a case 14x 16 inchs. 





We guarantee this set to operate as well as any long 
distance set made. 
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| Any candle power 
3 Any efficiency 
Any voltage 





ee Any price 








Have you tried them? 





If not, why not? 








We are Pacific Coast Agents for: 


Janpus Evecrric Company, 
Enclosed Alternating and Direct. Current Arc Lamps. 


PARTRICK, CARTER & WILKINS, 
Hotel and House Goods Specialties. 
Price, $15.00 . . 
Instrument comprises Telephone Receiver, Transmitter, M. KLEIN & SONS, 


Induction Coil, Gravity Switch, Magneto Bell, Telephone and % 
Battery Box, all combined in one with two célls of battery. Linemen’s. Tools. -: 
Woodwork finish of case, Polished Oak, Metal; all Nickel 
Plated. Liberal discounts to the trade or in large quantities. 








MEDICAL BATTERIES OF EVERY DESCRIPTION, 





The John [1. Klein Electrical Works, 


421-423 Montgomery Street, : ; : : - San Francisco, Cal. 
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UNEQUALED FOR SIMPLICITY AND EFFICIENCY. 





Adapted for Direct Connection to Motors for Elevator Service, Oil Refineries, Paper Mills Mines and 
Quarries. It handles any thick material, such as Asphalt, Soap, Syrup, or other semi-liquid to Perfection. 


NO PACKING. : NO PULSATION. 
On exhibition at the show rooms of 


CHAS. C. MOORE & CO., 


Send for Catalogue and full information. 


32 FIRST STREET 
San Francisco, Cal. 











ge A new edition of the celebrated volume ‘‘STEAM,”’ has just been issued, 
and will be mailed free on applicaticn to the BABCOCK & WILCOX CO., 
32 First street, San Francisco, Cal. Send for it. 


HAND-BOOKS 


—For-- 
Engineers, Electricians, Firemen, Etc. 





FoR SALE By 


The Journal of Electricity 


427 Tenth Ave., San Francisco. 


Send for Catalogue. 
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ELECTRICITY. 


PROFESSIONAL. 


COBB & HESSELMEYER sss. 


MECHANICAL AND 
HYDRAULIC ENGINEERS 


421 MARKET STREET 


THLEPHONE “BLACK 2403.” SAN FRANCISCO. 


SYDNEY SPROUT me 
Supervising Electrical Engineer 


STATION ECONOMICS A SPECIALTY. 





421 MARKET Sr’. SAN FRANCISCO 





EDUCATIONAL. 


HEALD 9 


BUSINESS 
COLLEGE 


—_AND—— 


School of Engineering 


Electrical Engineering Department 
ORION BROOKS, Instructor. 
and Assaying Department 
O. H. PACKER, Iastructor. 


Mining 


24 Post Street, San Francisco. 





—SCHOOL 


PRACT 


OF— 


CAL * 


ELECTRICAL, CIVIL, MINING AND MILCHANICAL 


* ENGINEERING 


SURVEYING, DRAWING. ARCHITECTURE 
ASSAYING. 
933 Market Street : San Francisco 


A. VAN DER NAILLEN, President 


Send for circulars 
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Established 1864 
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W. W. ROSS 


PRINTER 


320 California Street - San Francisco 
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i This is the age of specialization, and 
t our electrical products are of direct- 
i current types, which are tried, trust- 
if worthy and non-experimental. 





; Generators and Motors 
4 for every description of 
Direct=-Current Service. 





Elevator, 
Mining, 
Lighting, 
and Power 
Equipments 














SHORT BELT-TRANSMISSION PUMP FOR ELEVATOR AND MINE SERVICE. 





E:LECTRICAL ENGINEERING Co. 


34-36 MAIN STREET, 


San Francisco, Cal. 





Intelligent Workmanship 
Moderate Prices. ..... 


The publication office of “ The Journal of 
Electricity” is thoroughly equipped for 
the prompt execution of high class electro- 


Flyers, Circulars, 
Bulletins, Catalogues. 


technical printing. 
THE JOURNAL OF ELECTRICITY, 


Publication Department. 


Address, 


320 California Street, 
San Francisco. 





| Excelsior Wooden Pipe Company 


——Contractors and Builders of—— 





WOODEN STAVE PIPE 





C. A. HOOPER & CO., 
Agents. 


204 Front Street, San Francisco. 
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D. C. HENNY, 


Engineer and [anager. 
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KNIGHT'S -- WATER -- WHEEL Repwoon Pores 





The accompanying cut shows the general 
arrangement of KNIGHT’S STANDARD WATER 


WHEEL, of which there are HUNDREDS IN USE in For T L 

different States of the Union. ELEGRAPH 
These wheels are made from 2 to 6 feet iu diam- He TELEPHONE 

. Exvectric Licut 


Power PLANTS 


eter, from 10 to 1000 horse power, and adapted to 
all heads and purposes 
Wheels inclosed in iron cases from 6 to 24 inches. 
Wheels for electrical power can be furnished 
with or without Jovernors. Highest regulation 


In lots and sizes to suit at short notice, 





guaranteed 


Address all communications to 


KNIGHT & CO. 


For full particulars send for descriptive catalogue. 


Sutter Creek, Cal. 





BUYERS’ DIRECTORY. 


Are Lamps 
Brooks-Follis Electric Corporation 
Fort:-Wayne Electric Corporation 
General Electric Company 
Pacific Are Lamp Company 
Tne John M., Klein Electrical Works 
Westinghouse Electric and M’f’g Co. 


Batteries 


A. F. Brooke Ridley 
A. I. Neisser 
Brooks-Follis Electric Corporation 
valifornia Electrical Works 
The Jobn M, Klein Electrical Works 
Books and Publications 
The Journal of Electricity 
Constructing Engineers 
John Martin 
Dynamos and Motors 
A. E. Brooke Ridley 
Brooks-Follis Electric Corporation 
California Electrical Works 
Electrical Engineering Company 
Fort Wayne Electric Corporation 
General Eleciric Company 
stanley Electric Manufacturing Company 
The John M, Klein Electrical Works 
Westinghouse Electric and M’f’g Co. 


Educational 


Heald’s Business College 
Van der Naillen’s School of Electricity 


Electrical Engineers 
Sidney Sprout 


Electrical Supplies 
A. I. Neisser, 
Brooks-Follis Electrical Corporation 
California Electrical Works 
General Electric Vompany 
The John M. Klein Electrical Works 
Westinghouse Electric and M’f’g Co 


see my 
has. C. Moore & Co. 


Incandescent Lamps 
A. I. Neisser 
Brooks-Follis Electric Corporation 
California Electrical Works 
General Electric Company 
The John M. Klein Electrical Works 
Westinghouse Electric and M’f’g Co. 
Iustruments 
California Electrical Works 
General Electric Company 
Weston Electrical Instrument Company 


Insulating Compound 


Brooks-Follis Electric Corporation 
New York Insulated Wire Company 
Paraffine Paint Company 


Line Materials 
A. I, Neisser 
Fred M. Locke 
The John M. Klein Electrical Works 
Mechanical Engineers 
Cobb & Hesselmeyer 
Poles 
Union Lumber Company 
Power Transmission 
Electrical Engineering Company 
Fort Wayne Electric Corporation 
General Electric Company . 
Stanley Electric Mannfacturing Company 
Westinghouse Electric and M’f’g. Vo. 
Steam Boilers 
The Babcock & Wilcox Company 
Steam Specialties 
Chas. C. Moore & Co. 
Oakland Iron Works 
Telephunes 
A. I. Neisser 
Brooks-Follis Electric orporation 
California Electrical Works 
The Jonn M. Klein Electrical Works 
Transformers 
Fort Wayne Electric Corporation 
General Electric Company 
Stanley Electric Manufacturing Company 
Westinghouse Electric and M’f’g. Uo. 
Typewriting Supplies 
Leo E, Alexander & Bro. 
Water Wheels 
Knight & Company 
Oakland Iron Works 
The Pelton Water Wheel Company 
| Wires and Cables 
A. I. Neisser 
Brooks-Follis Electric Company 
California Electrical Works 
New York Insulated Wire Company 
The John M. Klein Electrical Works 
The Okonite Com 





pany 
Washburn & Moen Manufacturing Company 





TUTTHILL PATENT 








Union Lumber Company 


TELEPHONE, “MAIN 324” 
ROOM 23. CROCKER BUILDING, SAN FRANCISCO 


WIRE GUARDS 


AND GUARDS TO ORDER 
FOR SPECIAL PURPOSES. 
Write for Catalogue B 


P. R. WAGOR & CO., 
WIRE WORKERS, 
Manufactures and Jobbers. 
275-279 Main St., Springfield, Mass. 











TRANSACTIONS FOR SALE. 

The transactions of the Pacific Coast Electric 
Transmission Association, Santa Cruz, Sacramento 
and San Francisco Conventions, have been bound in 
paper and are for sale price 50 cents each, post free. 


Address, 
Gero. P. Low, Secretary, 
175 Crocker Building, San Francisco. 


he Philadelphia 
Commercial Museum 


Dr. William P. Wilson, Director. 








Supplies DerarLen, Speciric INFORMATION 
concerning the TrapE ConpiTIons of 
the WorLp’s MARKETS. 

It tells where the markets are and by 
whom supplied. 

Who the responsible buyers are, and how 
to reach them. 

It can ascertain for you the particular 
requirements of any or all markets in 
the line of goods you make. 

It has inaugurated a most valuable 
method of registering American man- 
ufacturers in foreign countries by 
means of 


Card Index Files 


placed in the Chambers of Commerce 
in forty-five of the principal commer- 
cial centers of the world. 

This is a movement in the interest of 
American commerce with which you 
should be identified. 


Write for particulars to 


The Philadelphia Commercial Museum, 





WATER WHEELS 


A full description of these jet wheels, with 
detailed efficiency tests, and principal features of 
superiority, appears on pages 87 to 91 of this issue. 


OAKLAND IRON WORKS, |~ Printers... 


108 First Street, : : : Sam Francisco, Cal. } ““onrnis Journal 419 Sacramento St. 
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233 South Fourth St., Philadelphia, Pa. 


BROWN, MEESE & CRADDOCK 


( Incorporated ) 














Telephone, MAIN 1007, 
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Our new Catalogue is now ready and 
will be sent upon application to our 
Pacific Coast agent #*» *% % & 


A. I. NEISSER, 


327 Byrne Block, Los Angeles. 
Room 32, 530 California St., San Francisco 


THE PELTON SYSTEM OF POWER 


Represents the highest development yet at- 
tained in water wheel practice, and affords the 
most simple, efficient, and economical means 
of utilizing water for power purposes. 


NINE THOUSAND WHEELS NOW RUNNING 


Aggregating over 700,000 horse power. Adaption made to 
all conditions and every variety of service. . ..... 


ELECTRIC POWER TRANSMISSION 


PELTON WHEELS are the recognized standard for elec- 
trical work, and are running a majority of the stations of 
this chsracter in all partsof the world. ....... 














CATALOGUES FURNISHED UPON APPLICATION. ADDRESS 








AN UP-TO-DATE. ELECTRICIAN 





H f : : : always uses 


Tr . Insulating Tape 
i" Armature Varnish 
on _ Electrical Compound 


because he wants the best! 





If your dealer doesn’t have it in stock, write to 


PARAFFINE PAINT CO., 116 Battery Street, San Francisco. 





44 A. Grothwell, 


Sole Manufacturer... 


ssersatve Pate 
aterpro Roofing. : 
eredo-proo 

fume Lining : “i 


San Francisco, Cal. 





26 Montgomery St., - 





A. E. BROOKE RIDLE 


©-—— 


ee =499% erott Building 





10 Front sire 


ELECTRICAL ENGINEER 
«¢ CONTRACTOR % % 


San Francisco 








RAVEN Wuatre Core WIRE 
RAVEN Brack Core WIRE 
COMPETITION Live Wire 





TRADE MARK. Write for Prices. 


New Yor« INSULATED Wire Co. 


| SOLE MANUFACTURERS OF -i- 
GRIMSHAW Wuitr Corr Wire GRIMSHAW Btack anp Wailre Tapes 
GRIMSHAW Spticina Compounp 
COMPETITION Brack anp Wuite Tapes and Leaded cables 
COMPETITION Spuictna Compounp 


We make a specialty 
of large C. M. cables 


for any voltage. 


JOHN R. COLE, Sales Agent, 71 Flood Building, SAN FRANCISCO. 
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The Most Perfect Motors for Economical Power Service. 
: Tesla Polyphase Direct Current : 
: Induction Motor. & Dust Proof. : 
* T “0,1 - r ; Ne 
: aye Direct Multipolar Motor. : 
J 7 ”y * 
: Thaeeaey Current NS sg a : 
z Niagara Power x a as the Westinghouse x 
g in Buffalo. Multipolar Motors. x 
° New York, Atlanta, Austin, Boston, Ruffalo, Chicago, Cincinnati, ¢ 
, & Mfg. Co Philadelphia, St. Louis, San Francisco, Syracuse, Tacoma. . 


O4>-O-0-0-0-0-0- OOOO OO OOO UU OU VU POO OOOO O00 000-02 


e 4 *? o 
Westinghouse Electric prsore va. Bare tomusinBleciricCo. Canna, sheara & Soper, Otiawa. § 


Westinghouse Electric ©»., Lid., 32 Victoria St., London. 
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CALIFORNIA ELECTRICAL WV ORKS 


409 Market Street, San Francisco, Cal. 





— AGENTS FOR—— 


Western Electric Co.’s Arc and Incandescent Machinery, 
% =% Warren Alternating Current Dynamos *% * 


Wagner Transformers | Kerite Wire || Helios Lamps || Buckeye Lamps 











my VOU CANNOT AFFORD TO EXPERIMENT! 


SATISFACTORY ReEesuLts EVERYWHERE 


LOCKE INSULATORS 


5000 to 50,000 Volts. 














Annealed glass insulator for 20,000 volts. 


JOH N MARTI N Asie ete eaprr aici STREET, SAN FRANCISCO, CAL. 
Fort Wayne 2 ot 





MANUFACTURERS OF ELECTRICAL APP ARATUS 
<= Poe Liaril AND POWER 











OFFICES: Des Moines, 308 Observatory B’ld'g; St. ‘ ee Se ee 
Paul, 207 Newspaper Row; Chicago, 625 Marquetie Main Office : : Fort Wayne, Ind. 
B’ld’g; St. Louis, 8 9 Security B’ld’g; Kansa.« City, Sore ae 
W. G. De Celle, Box 89; Dallas, 203 Scollard B’ld’g: 
New Orleans. 145 Carondelet street; Atlanta, 25 Mari- San Francisco Office: 
etta street ; Cincinnati, 402 Neave Building; t itisburg. 
918 Park Building. Phila telphia, 101-10 nourse bldg; 18 SECOND STREET 
aa” Syracuse, 717 villaye Memorial Building. New York, be 
: 115 Broadway ; Boston, 60 Equitable Building; Mexico- We have on hand 1000-volt, 10 and 20-light 
American Engineering Company, City of Mexico. transformers. for sale at verylow prices 





CE ee 
Westinghouse ae fin $400 


Specirications—Westinghouse multipolar type, 22} kilowatts, 125 volts, 1100 revolutions per 
minute, complete with belt tightener, sliding rails, and field rheostat. The armature, field coils 
and commutator are of the latest Westinghouse types and have never been used. Guaranteed 
for one year. The generator, which is of the direct current type, may be seen at our salesrooms. 











Brooks-Follis Electric Corporation, 
523-525 Mission Street, - - - SAN FRANCISCO, CAL. 
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On and after January 1, 1899, the issues of T 


ma fide circulation, 
hence no back numbers can be furnished. Each 
issue will be exhausted as fast as printed. Com- 
plete and authentic records of the transmission and 
other electrical enterprises of the great West will, 
therefore, be available only to regular subscribers. 
Would you have them? 7 
Then subscribe now! 


a 
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Lundell Motors 
Sterling Varnish 
Phoenix Batteries 
Mica and Micanite 


Fostoria and Sawyer-Man Lamps 


Complete Stock of Electric Supplies. 
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Brooks-Follis 

Electric 

Corporation 
re 


523-525 Mission Street 
San Francisco 
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Remington 
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327 Broadway, New York. 
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— Branch House— 
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Cypewriter 


does, and always has 


done, the 


Standard 

Best Work 
for the longest time, 
With the least effort 
on the part of the 
operator, and at the 
least expense to the 
211 


WYCKOFF, SEAMANS & BENEDICT, 





New Models 
now better than 
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‘Anti-Spart Lubricating Senne Safe, Handy and Convenient 








Saves Brushes and Commutators by Preventing Sparking and rnine, 


j , More cleanly to han- 
BOLL ommutator Lubricating 


~ $1Zk 


yr > on all Commutators and Coll tors ply than any other 
«% STICK here Copper Brushes are Used 


( iQ] : dle and easier to ap- 





: form of - Lubricant. 
Price 25 cents per Stick, $2.50 per dozen Sticks. 


You are Interested in good Dynamo Brushes son: t>= 





attention to 











Stitfening Strup~ 
It is designed for 4 COOL AND QUIET-RUNNING BRUSH, one that will not spark, and consequently one that will PROLONG 
THE LIFE OF YOUR COMMUTATOR AND PROMOTE THE EFFICIENCY OF YOUR MACHINES. 





66 99 1000. hours life from 3.5-watt lamps, 
HARDY INCANDESCENT LAMPS fall initial candle-power at 50u 

, hours, Any voltage from 45 to 125 

Volts inclusive; 3, 3.5, or 4 watts. -18 cents each, barrel lots. 200 to 250 volts, 10 candle-power, 25 cents each. Special 


lamps, colored lamps, from 8 to 100 c. p, Special prices for large quantities and yearly contracts. Try a sample order. 
Manufacturers of PACIFIC ENCLOSED ARC LAMP. 











Pacific Enclosed Arc Lamp Company, 
23 STEVENSON STREET, : San Francisco, Cal. 
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- A COMPLETE SYSTEM FoR 


Long Distance peer eae 


: Central Station Dis tribution, — 
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On and after January 1, 1899, the issues of 





will be limited to the actual bona fide circulation, 
hence no back numbers can be furnished. Each 
issue will be exhausted as fast as printed. Com- 
plete and authentic records of the transmission and 
other electrical enterprises of the great West will, 
therefore, be available only to regular subscribers. 

Would you have them? 

Then subscribe now! 


s 
* 
« 
) 
* 
e 
* 
° 
* 
* 
* 
* 
* 
* 
* 
* 
* 
° 
© 
* 
* 
« 
) 
O 
« 
* 
* 
* 
* 
* 
© 
* 
O 
* 
* 
* 
* 
* 
* 
* 
J 
* 
* 
a 
) 
* 
* 
« 
* 
* 
e 
J 
* 
* 
° 
* 
° 
* 
« 
* 
* 
* 
* 
« 
J 
* 
* 
* 
* 
e 
« 
O 
* 
° 
* 
* 
* 
e 
e 
J 
° 
) 
J 
© 
* 
° 
. 
J 
J 
e 
* 
* 


*%,%,%,%,¢, 4, %,¢,tp8o%n* nt nt tnt 


* 





When writing advertisers*kindly mention THE JOURNAL OF ELEOTRIOITY. 











THE JOURNAL OF ELECTRICITY. ix 








Brooks-Follis — 
Electric 
Corporation 
ot 
523-525 Mission Street 


San Francisco 











Lundell Motors 
Sterling Varnish o * s P 
Phoenix Batteries 


Mica and Micanite 4 - 


Ry re 2 Ps 
Fostoria and Sawyer-Man Lamps 
me e 
Complete Stock of Electric Supplies. ot a ot ot 
a & 7 
x re st 




















When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY. 





fn 
, » THE JOURNAL OF ELECTRICITY. 





Che 


Remington 
Standard 
Cypewriter | 

does, a has c= q >I r v J A. Grothwell, 


rege ae De, oe ee Sole Manufacturer... 
Best ork <a ; eh & I rese vative Sars . 


ectrical 7am fund 


for the longest time, * 2 =< A Gand aterpro Roofing » 
With the least effort Syd ereds- S-proot Pile 


on the part of the f : lume Lining Ai 
operator, and at the 


least expense to the | Z q? i} 26 Dontsomer) St., - San Francisco, Cal. 


owner. 


New Models 
now better than 


ever before. 


WYCKOFF, SEAMANS & BENEDICT, 
327 Broadway, New York. 














— Branch House— 
218 MONTGOMERY STREET 
SAN FRANCISCO, CAL. 


























AN EXPONENT OF PROGRESS. 


A well known scientist, than whom none on the Pacific Coast is 
more thorough, whose writings have appeared in the very best 
magazines the country over, and who, presumably, would prefer 
that his name be withheld, has written the following very grati- 
fying letter to the editor of THE JOURNAL OF ELECTRICITY: 


I am leaving the Coast this week, and before going, I had 
hoped to find time to call on you; but this will not be possible 
now. Something I must say to you, however, and that is that you 
should know how a layman regards your work in connection with 
THE JOURNAL OF ELECTRICITY. The magazine is a credit, not 
to the Coast alone, but to the whole country, and I trust it may 
maintain always its present highstanding. I have many journals, 
in fact my desk overflows with them, but few of them have given 
me the downright information and instruction that the JouRNAL 
has. Great are the problems in electrical engineering yet to be 
tackled and mastered on this Coast. May you be, as now, an 
exponent of progress in this direction. 
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Anti- Spark Lubricating Compound Sate, Handy and Convenient 


Saves Brushes and Commutators by Preventing Sparking and Cutting. 
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form of Lubricant. 


Price 25 cénts per Stick, $2.50 per dozen Sticks. 
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Stitfening Steun~ 
Itis designed for a COOL AND QUIET-RUNNING BRUSH, one that will not spark, and consequently one that will PROLONG 
THE LIFE OF YOUR COMMUTATOR AND PROMOTE THE EFFICIENOY OF YOUR MACHINES, 


66 99 1000 hours life from 3.5-watt lamps, 
HARDY INCANDESCENT 1 AMPS full initial candle-power at 500 
hours, Any voltage from 45 to 125 

Volts inclusive; 3, 3.5, or 4 watts. 18 cents each, barrel lots. 200 to 250 volts, 16 candle-power, 25 cents each. Special 


lamps, colored lamps, from.8 to 100 ¢, p.. Special prices for large quantities and yearly contracts. Try a sample order. 
Manufacturers of PACIFIC ENCLOSED ARC LAMP. 





Pacific Arc Lamp Company, 
- 23 STEVENSON STREET, | San Francisco, Cal. 
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